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In tho atilhorsliip of the first iMlUioii of ilu* “Qiuirtr, 
'j)t*rfttor'H puhlisfuMi in San I’'ranoisoi», 

^ 1). l^Oo, tho ninlorsi<^no»l, throiiijjh conrtfsy, usso- 
^'*U*d witJi his own, the name of Mr. Zenas Whei'ler, liis 
Uner at tin* time in mining enginei ring, tlesign iiinl 
A^oture of mining inaehinery, iiiitl llnr |»no*tieaI treat- 
^it of ore.H. J5nt in e<»nsi‘lerat ion of the «l<*<‘ease of 
^ Wheeler, an*l the 4‘.\tent of the c hanges nia»le in tin? 
Ssion of tin* “ Hainl Ih»ok,'’ the writer has nt»t felt at 
^ *Vty to further c-Munect w ith its antlnnship the name 
^’^is latiienlecl fiieinl, (»f whom, as a junt tiihute to 
^‘^nemory it must !«• saitfihal nocmetii^l nem- toward 
■ting the <|nait/.-minii!g iiiaehiriery in munt general 
the I’aeifie eou«%t ; eorrohorati ve of the truth of 
r«*ferenee ne ed cmly In* had to his invenliciriH of 
'^**figh Mortar, (tih-Ta}»}nt, Self Ucgnlating Quick- 
Dii*charge Apparatus, Continuous Working Cmi- 
an*l firinderr, and Amalganiator ; also, to his 
irivenliotni of the Traetory Grinders and Amah 
Slid Conoidal S*»parator. As the coneltiatotii 
eminently qualified s» Mr Wheeler to Judge of 
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the relative merit h of quartz minincj maehiiiery are of 
the hi^^hi vt praetiral im|»ortaiie»*, it <iue to all 

rorteeriH *!, to ftate that the Straitrht Battery, K\<*« Biot 
(trimler aiel Ainal;'atiKitor, fui<l (\jnMi<lal Separator, »h- 
herilM'tl in thi?i work, are the only miiehines which, of } 
tl»eir n'‘*pe< t ive kim!**, ha4 hlHeiitsre npppoal. J 

Tlie prite ipul <’hantjje^ refern il to nh-o i* enn-^int in 
rtrikino ont of tie* “ IIaiel*!h»ok*' the more ahj*tru*^e ^ 
matter, aiel in that wl»ieh i^ rejarile*! at tlii?</> 

tiitH' more direelly np]*li**al»!e t<i tin* vvant^ of tin* minin,:|.J^ 
pnhlie. 

, . . . . 

'I’he ohject of the author, in the preparation of il 

work in liaml, han been to pre^^ent a eiear and eomj* |ie 

lu nsiv e 1 xpo**iti»>n <tf mineral veins, and ilie rmans a xe- 

inoth n ehielly employed ft»r the miniu;^ and w'orkinj^ lid 

iht'ir ores — more espeeially those eontainino ** f d* 

rilver. |nd 

To seiMire this end, the stamlard anthors, the nul 

hkiliful miners, meehani**'*, iniHineii and mill-wrij^iils hahst 

been freely and rlo>ely e-msulled. jve 

The eonsequi'iit deduetitms have heen earefnlly vkj 

pared with the writer's own experience for many yttm- 

in workinj' mineral \t ins and in treatiie^ their ores furs 

metals. The best authenticated results therefrom ^nd 

been udi'pted and set dt«wn with a vii xv to syslerijave 

arninx;ement, eoneiMUu ss and perspituiity. For llu^atic 

cles ou the ** Kxamiiiation of Minerals,*' and the “ |srti- 

vior of J^dutions of Metallic Oxides with Ib^Ag^eha* 

due acknowdiHigmentft of indebtedness are here nl*,'’ 

made 
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rcspoctivily to Dr. Lamhonu’V “ Mi t.'illurp^y of Silvoi 
and Load," and to “ Xoad's (dioinioal Analysis." 

To what t \t<‘nt tho author has suotaa tlod in his ohjort 
is suhnrutid with no litlli* ditVnlonoo to tho dooisiou of 
tho puhlio, 

I*. M. UA.N'I>At.U 

New York. Janunry, ItCl. 
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MIXIJIiAL vin.ss. 

Mi.nkij.m. VivINs are iiia^srs <»f nu k, usually of llio 
tabular f*nn iuters^'etint: otlur rti<kM. 

One j»orti<»n of a luiiuTal \eiu \h ealloil I'anj^tu* 
matrix’’ or vein • Ht one, c*oi»si*.tin^ of cpiarl/.^ raleito, 
bar\ ten, tluor, elr. ; the of h«T porf i*ui — on% <*«»n>slst iuiX 
a metal romjioumlt'*! uiili rome ollnr Mil>j<liinee jm 
oxygen, 8ulj»hur or earWon. 

The term ‘*ore” i?» jiNo einployeil, MniuetiiiieH to ni^iiify 
a ttativf. metal, ami jsometimeH the entire material *»f a 
vein. 

MincrdI Veins oeeur hoth in stra(ifie«l ami iin^^t ratified 
rcK*kH, al^o between the l\v.>. 'fho-te in the HtraiilieH ^en. 
crally rro*t4 th** strata, hut ««»nietimeH run jMraliel with 
the layer^i. WIh-ii a vein U not XTiiejil, the a<ljae«uit 
rcx'kii on the iipfKT j+l^h* are terrrie<l its ** Ijaui'im^ wall,” 
ftml lho«e on the lower itw “ fo^/l walk” I'niially, however, 
bcftween a vein aT»H one of iin walU proper a elayey 
aeam ealleil ” aelvage,” or, more familiarly, ** gotige.” 

A layer of half «U*<'ompo«e»l r#>ek a^ijoining a vein ta 
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calh-fl “ lliicaii.’’ Tlip ‘‘fluran" gMu rally accompatiicfa 
rrosH anO hliOt ?*. 

\'rins 1 gn atly as t<> ihickiK^s — averaging a 
few aiel several feel, "riiey mMohi have 

for any eonsi<lera)>!e distaiiee their o|>]»n>ite walls <|uitc 
]>aialle|, hilt alternately sw*ll ainl <*ontraet, ainl stune- 
tinie" pinrh nuf enlin ly. 

'I’he spaces thus wanting in <n«‘ are t»Tine»l ** faults.’’ 
When ihesr oeetir the walU siunetiinen eoiiie nearly er 
<|uile together, junl s« tnut iinen are kej*l apart hy the 

** oonge." 

O 

'rin gouge i'. greatly relie*] on hy the miner to lea*l 
him l«» the \ eln hen it lui^ iM t-n <iisphn'e*h The term 
‘‘ fault,” hovvt ver, is us»m 1 in a u nh r si nsi*^ t*> signify any 
ilisplaeeinent or interrupt i»»n in a vein\ eonlinuity. 

When veins are very thi*‘k they usually eoulain mueh 
earthy matter an-l tVaginents «.f roek minghsl with the 
ore. In \eins of this tleM'ripti*m, also in the m(»re swollen 
p<»rli«>ns t»f irregular \< ins, are 04*easional!y founi] irnhe«l- 
ile<l large hhu'ks of *htaehe4 waU roek ami howhler, like 
massi's 4 »f harn n <juarf/. roek, >\hieh respectively are 
known to miners hy the names t»l* “ horses,” »* riilers aiul 
** white horses.” 

The prineipal mineral veins extend <h>wnwanl to un- 
known depths, and hi>riz*»nlaUy, in many instances a dis- 
laiuH' of many mih s. 

As a gem nil rule, a proper voin increases in thickness 
with its descent into tlic earth's crust, thus presenting 
the fonn of a w edge having its edge uj^ward. 
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Those portions of a vein which rise above the surfiiee 
of the eartli are ealleil ** croppings, ” “outcrops/’ ainl 
** blossoms." 

Tin* inclination with which a vt in pcm tralt'S the earth 
is tcrincil its “iltp/’aml is inrasintil by tin* angle nhich 
it makes with the liori/on. The “tlip" \arirs in ilitVcrent 
veins fr<»m an angle of a few «b‘grecH tt) that mT a right 
angle. The <Iirecti«ni in which a vcitj runs hnri/onlally 
is calh^l its “bearing" t»r “strike," ami for tin* most 
part is parallel with the mountain rangi* in whieh it is 
b»uml. 

No gem-ral law, hon i-vcr, ’^cems to obtain as to lhc<Ii' 
rc<*l ion of \ cins iti «li}Verent mining riels. "I’Ioh, wIjcu 
earrying the same m< tal in kiml, they ran in sonn* «lls- 
tricts mnlh ami south, ami in oihcr-M ea-*! ami west. In 
the same •listricl <lijVereiit veins containing the same metal 
in kin<l m-tially run jtaralh l, but when cofiiaining each 
a ditb rent metal, they frc<|uciiily rutj in tli vers <lircct ions. 

In Cornwall, Knglan<l, for exarnplt*, the tin arc! <-opper 
veins run east ami we-t, while the b a l \eins run north 
ami south. 


SPKCIKS f)r MIVKKAL VKINS. 

Mirn ral veitm prc-ciit a varh f y «»f foriiiH, ami hem e in 
aome bx*aliiics are <iistinguislie<l into speeics, of whieh 
the prifieipal are the /''A// *fr 

Inetd and Acnimula(*:d. 
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HU Ths Rake Vein is of unknown depths, and often 
many miles in length. Commencing at the surface of 
the earth it cuts the strata downward, nearly perpend io- 
nlar to their plane of stratification. For the most part 
it evidently also intersects the unstratified rocks, and 
probably passes entirely through the earth’s crust to the 
central mass. The dip” in different rake veins varies 
from an incHnation of a few degrees to a perpendicular. 
This class embraces the large proportion of mineral 
veins proper and is the one most valued by operators in 
mines. 

2d. The Pipe Vein runs forw^ard end^wise in a hole in 
the earth’s crust. It resembles an irregular shaft filled 
W'ith mineral substance, rather than a tabular mass of 
ore. It generally does not traverse the strata, but lies 
between the layers. Its “dip” is usually less than that 
of the rake vein. Veins of this class vary greatly in size, 
some being only a few feet in diameter and others several 
yards. 

ad. Thfi Flat or Dilated Vein is a flattened mass of ore 
between the strata or beds of other rocks. Its relations 
to the adjacent formations are much the same as those of 
a stratum of coal to its inclosures. Its position, also like 
that of a stratum of coal, is UL_ .illy honzontal or not 
much inclined. But 'when breaks or other interruptions 
occur in a dilated vein, it differs from a coal seam by 
greatly varying in thickness wdthln the limits of a few 
feet. At these breaks or slips often occur the richer de» 
posits of metallic substances. Similar to the rake vein, 
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the dilated in its course is subject to contractions and 
expansions. 

4th. The Interlaced Vein is composed of numerous small 
veins running together in the form of irregular net-work* 
Different members of the same vein, or system of veins, 
though running in the same general direction, often vary 
considerably from each other in dip.” 

Interlaced veins are chiefly enclosed by rocks of primi- 
tive formation, and more frequently bear the ores of tin 
than those of any other metal. 

5th. The Accumulated Vein is a large, irregular mass 
of ore, apparently filling cavernous spaces in the earth’s 
crust, and showing no indications of being connected to 
other mineral deposits. From its entire want of any 
order, its deposition would seem to have been accidental, 
rather than tlie result of any well- recognized system. 

Veins of this class are sometimes found in stratified 
rocks, between tbe strata, and sometimes enveloped in 
mist ratified rocks. 

Rkmaeks. — Besides the several classes of veins de- 
scribed, small masses of rock, termed “ nests,” “ concre- 
tions,” nod ales,” bearing metallic substances, occur in 
the middle of strata, t>r beds of other rock. The ores 
of iron are frequently found in these forms. 

JPalse veim also occur in addition to the veins enumer- 
ated. Tliese, as to their ** walls” and “dip,” resemMe 
proper veins; but being composed of sand, clay and 
other alluvial substances, are readily distinguished from 
the true crystalline and mineral veins. 
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FOEMATIOX OF MINERAL VEINS. 

The evi<1eiice is abundant that many mineral veins 
were a long time in being formed after the fissures in 
which they exist were produced. 

Manned vdm^ composed of crystalline matter in the 
form of plates or “ combs,” divided from each other by 
thin layers of claj", conclusively prove, not only that their 
formation wms slow, but that several re-openings of the 
same fissures must have taken place at periods separated 
by long intervals. 

The fissures occupied by metallic veins seem to cor- 
respond to such rents as are produced from time to time 
by the shock of an eartlniuakc, and in a majority of cases 
are evidently attributable to the same causes. 

It is not improbable that some of these fissures were 
ju'oduced by contraction, while the rix^ks through which 
they run were passing from the plastic to the solid state. 
The manner in winch they w'ere filled with orci and vein- 
stone is still a subject of speculation among geologists. 
The principal theories advanced to explain the phenom- 
ena of mineral veins are as follow's: 

1st. That open fissures in the earth’s crust were filled 
with crystalline and metallic matter by aqueous infiltra- 
tions from above. 

Thus, Wenier supposed the substances of mineral veins 
to have been precipitated from a ** chaotic 
into fissures in the earth while it w*as in some nascent 
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Slate. This theory at present has less advocates than 
formerly. 

However, tliat false veins were produced hy infiltra- 
tions from the surface of the earth is evident from tlio 
character of the deposits. It is also evident that soino 
of the material found deep in proper veins came from tlie 
earth’s surface or from the bed of the sea. Tims, for ex- 
ample, well-rounded pebbles of quartz and slate, pieces 
of coral and marine fossil shells occur imbedded in sev- 
eral mineral veins at dej»ths in some eases of over a 
thousand feet below the surface. But these occurrences 
without doubt were accidental, and had no connection 
with the general system of tvpieting ju’oper veins. 

2d. That the contents of mineral veins, like those of 
dikes, were formerly molten, and while iulhis slat© wt?ro 
injected from below by mechanical force. 

Tliis view of the subject w^as proposed and maintained 
by Dr, Hutton. 

The exj>lanation whi<jh it affords relative to the pro- 
ductions of some mineral veins is quite satisfactory. 
But the evidence seems insuflicient to warrant the infer- 
ence that any considerable proportion of metallic veins 
w*as produced in tliis manner. 

Sd. That the contents of some mineral veins w^ero 
deposited in fissures and cavities in the earth’s crust by 
the condensation of mineral vapors emanating from vast 
subterranean fountains of intensely heated matter. This 
theory, suggested by M. Neckar and Dr. Buckland, 
appeam to be an improvement upon that of Dr. Hutton’s. 
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especially iu its application to the foimation of veius of 
bawdcd structure. Tiie repletion of veins of this class, 
owing to the great length of time requisite for its accom- 
plishment, must he referred to chemical agencies rather 
than to mechanical forces. 

4th. That some mineral veins were produced in the 
same manner as flint, or other concretions, hy chemical 
segregation from the inclosing rock prior to its solidifl- 
cation. It not tinfrequently occurs that veins are found 
passing by insensildc gradations into the containing 
rock. As this could take place only while both were in 
the liquid state, it is evident that such veins are of co- 
temponincous* origin with the iwk in whiv;h they are in- 
closed, and that they w^ere in the process of more com- 
plete segegration at the time of tlieir becoming solid. 
Tlfis theory, proposed by Prof. Sedgwick, funiislics a 
solution quite satisfactory as to the method by which 
many of the flat or dilated veins, also the accumulated 
veins and otlier masses of isolated mineral substances 
were produced. And it is not improbable but that the 
principle of chemical segregation yvm active in the pro- 
duction of some p**oper veins. 

5th. That the formation of many niineml veins is due 
to electro-chemical agencies. 

The ejtlstence at present of electro- currents in some 
Cornish veins, and the analogy between voltaic combina- 
tions and the arrangement of matter in mineral veins aro 
adduced by W. Fox and M. Becquerel in support of 
this theory. Mr. Fox goes so far as to infer that the 
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richer veins in metallic treasure arc at right angles to the 
earth’s magnetism* 

It is moi*e than probable that electro-chemical influ- 
ences are capable of transforming to considerable dis- 
tances the substances composing mineral veins, even from 
the solid rocks in which they are disseminated into 6s- 
sufes in the same, and of determining thc^ arrangement 
of the matter so transfeiTcd ; but that electro-magnetic 
currents effect richer metallic dq>osits in veins running 
east and west than in those running north ami south is 
rt'futed by unequivocal evidence. True, the principal 
and richer veins of Cornwall run east and west, but the 
principal veins of the entire Pacific Slo|)e run nearly 
north and south. 

6th. That the matter of mineral veins originally dis- 
seminated in portions of the roerks adjoining rents ami 
cavities in the earth’s crust, was introduced into these 
openings by the process of inffltration. That the filtered 
matter may have been derived by simple solution from 
the inclosing rocks, or by decom|>o.silion of some of their 
constituents ; and w'hen gathered into the receptacles 
may have concreted unaltered in composition, or have 
undergone various chariges, induced by the muttial action 
of its component parts. It has been inferred that most 
mineral veins were found in those fissures formerly occu- 
pies] by thermal springs, for much of their material is 
identical in character with that composing the walls of 
those spiings, or held in sol ution by their \vaters. Besides, 
the vast depths to which both mineral veins and thermal 
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uprings ext<3n<i downward, and the similar relations which 
they respectively bear to the great lines of upheaval 
and dihlocation of rocks, go far in support of this infer- 
ence. That some mineral veins are of recent formation, 
by infiltration, and that others are in process of forma- 
tion by hydro-thermal agencies, seems no longer proble- 
rnatui. 

(geological researches on the Pacific coast disclose in 
the vicinity of the village of Volcano, Amador county, 
California, “distinctly marked quartz veins cutting 
through the gravel, and evidently formed by the action 
of water holding silica in solution also, that in Steam- 
boat Valley, Nevada, serni-crystaHine depositions of silica 
and oxide of iron are being made on the walls of tho 
fissures of the boiling springs. 

In this vicinity, another fissure of the same origin is 
still nearer replete with mineral matter. This fissure, at 
a few points along its extent, evolves steam and carbonic 
acid, but no water. For the most part it is filled with 
silicious concretions which contain the oxides of iron and 
manganese, the sulphides of iron and copper, and metallic 
gold. 


EXPLORATION OF MINERAL VEINS. 

Many rules have been made for the Bx^oration. of 
Mineral Veins, But these, so numerous are the excep- 
itons, are to be n^garded hints rather than rules. Min- 
eml veins occur iu nearly every other formation of 
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rocks ; and no unexceptional law scorns to prevail as to 
their comparative richness in the different formations. 
Not unfreqnontly a mineral vein runs horizontally 
through difterent strata of rock. Richer raetallio depos- 
its are sometimes found in the vein, inclosed in a stratum 
of one formation of rock and sometimes in a stratum of 
a different formation. Several authors arc of opinion 
that metallic veins are richer near the junction of strati- 
fied and unstratified rocks. In several quartz-mining 
disti'iets of California — to wit, in Mariposa — some of the 
gold-bearing quailz veins arc in granite, but the larger, 
and so far as detennined the richer veins, arc in slate; in 
Tuolumne the more valuable veins occur in granit<‘, thost) 
in the metamurjlhic slates are comparatively barren; in 
Calaveras the quartz veins are found valuable both in 
granite and limestone; in tlie Alla mining clistrict the 
** wall-rock ” is serfRuiline, white talc acconipa!Ut*s the 
richer deposits ; in Amador the valuable veins are mostly 
in slate. Tlie celebrated Eurt?ka, Oneida, Keystone ami 
Spring Hill veins are in slate. The former Ims been 
worked nearly thirteen hundred feet in depth. The vein, 
six feet thick at its “outcrop,” has ri‘gularly i?u'.reaHed 
in thickness and richness with the sinking. 

The following suggestions are esteemed among tlie first 
of importance for the Jhlrplorntion of Mineml Vclm: 

1st. That mineral veins are more abundant in the older 
crystalline roeks than in those of more recent formation. 

2d, That they arc more abundant in mountainoua 
and hilly regions than in the even land. 
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tiL they ^ moeife productive near Uie junction 
^ Ittatified and uB^atided rocltjl. 

^ 4lh» That their locaUty is often indicated t>y the eoior 
attrfajfiie of the land. The color arises jfrom the 
de<Sfornp^iti w of some of their constAtnents. 
atk %h^ locality is firequently detemined by Crag- 

vmh scattered over the surface of the ground 
^ dtih. That they are discoverable by their ^ outcrops.^^ 
The ^outcrop” is the most obvious indication of a min- 
Oeal tein. It is doubtless true that the great majority 
of mineral or metallic veins discovered, is due to acci- 
4ent rather than to science, and that the discoveries so 
made, to a great extent, have been by means of the “ out- 
crop.” Sometimes the vein-stone and sometimes the 
« walls” or country-rock, is the more obdurate. As the 
case may be, the more yielding will have been worn away 
by the action of water and other ageA Vs, leaving the 
other, so that the exploration of the vein i '^ndered quite 
simple. 

^th. That when the bearing is approxi::;;^^oly deter 
mined, the vein may often bo found by sinb^^pnc or 
move shafts through the alluvial deposits into the 
lying rock, and making a “ trench” or “ tunnel” at right- 
angles to the bearing of the vein. 


EXPLOITATION OF MINERAL VEINa 

The Mn^doUititon of Mineral Veins comprises the 
various processes by which their ores are won from 
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HKtuntl {MMiiticm wd brougUt to the surftoe oC the 

mnSk* 

Workiiige are Oj^u mA $ubternkiieoaa^ 

W<Mifctgit apply to flat or^atod iratod»iaid ether 
iui^iiaeatal deporils eituatod aear the 
aatitally arranged in terraoofi euitad to the oharaoter and 
diepoaiticm inquired of the material Open workings are 
aometimes quite extenrively employed In the devleop 
ment of mineral veins of considerable ^ dip.” That is, the 
vein, in the direction of its bearing, is uncovered for a 
long distance. This practice, however, in most cases, 
cannot be too severely reprehended. The natural roofing 
of the vein should not be interfered with further than 
absolute necessity requires* 

Subtarranean Workings are of two kinds, the Prejtmm* 
fory and those of Extraction. 

The Preparatory Workinye consist in timl>iu’t*d or 
otherwise properly secured shafts and tunnels, exposing 
most effectually the ore sought to the attacks of the 
miner ; also in the means for ventilation, for the discharge 
of water, and for the transportation of the cletached 
mineral out of the mine* 

A $kqft is a pit or narrow opening into a mine, and 
may be vertical or inclined. It is to be regarded a tun- 
nel when it forms wdth the horizon an angle less than 
forty-five degrees (45®), 

A winze is a small shaft oonmcimg two levels, and 
is employed for the purposes of ventilation or of explora- 
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Tb« workin^-$haft^ termed also the *‘hoistiog-shaft,'* 
IS employed for lowering into the mine, timbers, spiling^* 
supplies and tools, also for raising ore, water, etc. The 
miners, for the most part, pass in and out of the mine 
through this shaft — either by ladder or in some form of 
carriage, driven by steam or other motive power. The 
working shaft is seldom less, transversely, than thirty by 
forty inches. Ordinarily it is much larger — of sufficient 
»ke to admit the use of the double hoisting track, pttini>- 
ing machinery, and miner^a ladder. 

The air-shaft is employed for the purposes of ventila- 
tion; also not unfrequently for filling wdth dirt and 
debris the chambei*8 from which the ore has been ex* 
tracted. The working and air shafts are occasionally 
several hundred feet apait — not often leas than one hun- 
dred feet. 

A mnip is a j>it usually at the Iwttom of the working 
shaft, and is several feet deeper than the lowest of the 
other w'orkings. Its chief use is that of a reservoir into 
>vhich the waters of the mine are drained, whence by 
inaehineiy tliey are discharged at the surface, 

A tunmi is a narrow opening into a mine, and may be 
horizontal or inclined. It is to be regarded a shaft when 
it forms with the horizon an angle greater than forty-five 
degrees (45®). A tunnel excavated in a vein, and run- 
ning the vein’s course, in some localities is called a ** gab 
lory.” A tAinnel piercing or intersecting a vein is termed 
ail ** adit A tunnel connecting two shafts k oaUed a 
or ** drift* way, Tunnels are stddom less than 



MtKKBAi. 


n 


two feet hj three and one-third feet high. Quite a com* 
mon u three feet wide at the top, three and a half to 
fonr feet wide at the bottom, and six feet high. The 
$ke of the tunnel is very frequently determined by that 
of the vein in w'hich it is driven — the width of the 
former beting inafVe equal to the thickness of the latter. 

In considering further the problem of Preparatory 
Workings of Mineral Vtim^ let the rake vein l>e taken, 
since, on account of its greater extent and regularity, it 
is subject to more general and systematic operations 
than any of the other forms. Regarding the occurrence 
of the vein in even land, two shafts — working and air 
shafts — should be sunk to nearly tlic same level, and united 
at their greatest depth by a tunnel. The sump, Iho 
mine containing much water, should bo sunk before the 
connecting tunnel is driven far — the shafts should be at 
least a huTidred feet apart, and, independent of the sump, 
fully a hundred feet deep, ainl should, with the tunnel, 
bo well timbered or otherwise properly secured. 

Tlie Preparatory Workings may be almost indefinitely 
extended by sinking the W'orking and air shafts, and 
conm?cting them by tunnels at desired intervals; also 
by sinking on the line of the vein other shafts and con- 
necting them by tunnels. The sinkings ” or ** distan- 
ces*’ between tunnels arc usually from sixty to one hun- 
dro<i fc^et 

Regarding the occurrence of the vein in a mountain, 
tunnels may often first be employed to advantagcw The 
ydn and its inclosing mountain ridge being parallel and 
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titibroMn^ an ‘‘adit ” at tbe lowest feasible level sboiiild 
be made to intersect tbe vein, thence a gallery dtiv^ on 
the vein to some desired point from which a shaft should 
be raised or excavated to the surface. In ease of a break 
occurring, as by a canon, the work frequently is greatly 
facilitated, as thereby a tunnel may be commenced upon 
the transverse or broken face of the vein and driven 
directly on its course. This use of tunnels should rarely 
be adopted, unless the elevation exceeds a hundred feet 
in height. 

Asa general rule, shafts and tunnels should bo wrought 
in the “ lode.” 

Veins, however, very thick and friable, having a dip 
of less than forty-five degrees and being inclosed by un- 
stable walls, furnish exceptions to this rule ; such are to 
be worked by vertical shafts rather than by shafts coin- 
ciding with the dip of the vein. * 

Workinffif of JBhstracHon consist in detaching the vein- 
matter from its natural position and hoisting or bring- 
ing it to the surface of the earth. 

There are two modes of attacking the vein, viz, ; by 
Dtmst or Dcamidmg Sieps^ and by JRevem orAmndif^ 
S(^8. 

In Fig. 1, taken in the plane of the “ dip ” and “ strike ” 
of a mineral vein of the Rake species, let A B repre- 
sent working-shaft, C D and E F air-shafts, B D 
and B F tunnels or galleries, G B and I K the limits of 
the workings toward the surface, S the sump. €Jfl^ 
ootvo the vein to be laid out into parallelepipeds or 
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tangular masses, and let these masses be represeated by 
aj — Rs, etc., to nj — w# ; d > — 

these masses is commonly fifteen or twenty feet long, six: 
or eight feet high, and as wide as the vein. Lot a% i>\ (f, 
€®, represent soaffolds or stages, o», o„ Oj, flooni firmly 
timbered employed as tracks or ways for conveying the 
orc^fi to a common point of delivery, also for sustaining 
the rubbish and securing the walls of the mine — and let 
Xi represent a guide-board or ‘‘ shute.’’ 

Direct or Descending St^s , — ^To extract the ore 
by ** descending steps,” usually two miners, “leader” or 
“ lead-hand,” and “ striker,” termed “ a set,” commencing 
on stage u% excavate in succession the parallelopipeds or 
masses a\ a\ a\ a* and a*, deliver them into the shaft 
E F, and construct the floor Oi, Oj, 0 |, shown at tho bottom 
of the excavated chambers In like manner a 

second set, commencing on stage b% excavate and dispbse 
of the masses b\ b\ 6*, b* and b * ; and so on set after set 
of minors are employed, and tho several masses from <x to 
n are disposed of and the respective floors Ot, Ot, o,, con* 
strncted as required. The order observed is that each 
lower set of miners succeeds the set next above by the 
'ength of a parallclopiped, that is fifteen or twenty feet 
Thus when five seta have come to be employed, while the 
upper set is engaged on the mass a*, the next lower set 
is on b\ the next lower on and so on to e\ 

Tho ore delivered into the shaft £ F is conveyed by 
tho tunnel F B to the working-shaft A B, by which it is 
raised to the surface. It mav be remarked that the 
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riiaft E F is sometimes employed as a hoisting-shaft, 
also that the excavations are sometimes made without 
the use of the floors o„ 0|, Oj ; sucli workings, however, 
are crude and reprehensible. 

By Meverse or Ammding Steps , — To extract the ore 
by ‘Vasoendiug steps,’’ a set of miners, commencing on a 
tempoiary stage, excavate in succession the pamllelopi- 
peds cti, a„ cij, O4, etc., and firmly timber floor or roof as 
shown by Oj, 0|, o„ the tunnel B D. In like manner a 
second set excavate successively the masses />i, etc. ; 
and so on set above set of miners, from a to n, are 
employed. 

Tlic order observed is that each upper set of miners 
succeed the set next below by a parallelopiped fifteen or 
twenty feet in length. Thus wduni five sets have come 
to bo employed, wdiile the lower set is engaged on the 
mass Oj, the next upper set is on the next upper on c*, 
and 80 on to c,. Temporary stages are cliicfly used. 

By this method of reversed steps, the ore, as detached, 
ftdls by its own weight. It is sometimea allow^ed to fall 
freely into the tunnel, but is usually retained in the mine, 
resting upon the tunnel floor or roof, w'hence it is dis- 
charged as required into cars, conveyed to the shaft A B, 
and thence hoisted to the surface. 

It may be observed that the shaft C 1 ), or more gen- 
eraJy speaking the shaft from wduch the ‘‘stopings” or 
excavations are earned on, is sometimes employed as a 
liolstmg-shaft. This resort, however, should only be in 
extreme eases. 
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Thu walls of a mineral vein, especially if excavated 
by ascending steps, can often be more effectually and 
economically secured by filling tbc chambers with dirt 
and debris, obtained at the surface of the earth, than by 
my other means. 

When the inclosures are very friable and unstable, the 
process of filling should succeed immediately that of 
extraction. The miner thereby is not only secure against 
the crumbling and falling walls, but is brought directly 
up to his work. 

The filling material, for example, is thrown into the 
air-shaft € I), falls upon the adjustable shute whence it 
is conducted into the openings — < 74 , bi — ^3, Ci — c,,, etc. 
The filling should be well tamped. 

In considering the relative merits of the two moiles of 
working, it is to be remarked ; 

That the mode of ‘^descending steps” affords the miner 
less restraint in position, and greater freedom of action ; 
that it is better adapted to the sorting of ores in the vein ; 
and that it is, In case of the vein-stone being much de- 
composed, less snbjiK^t to loss by the liberated minerals 
or metals becoming mixed with the rubbish. 

And on the other hand : That the mode by “ascending 
steps” is more expeditious and cheaper, requiring leas 
ex{>en8e in timbering, flooring and filling, and less labor 
in excavating, since the ore, by its own weight, is more 
readily disengaged from its natural position. 

Again, as one of the chief objects in mining idionld bi^ 
to keep the mine in good onler, both regaixling the fo4l| 
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ity in operations aru! safety to the workinoii, the caution 
cannot be loo well lieetled iigainst breakin|^ through Uio 
surface, or weakening the natural roof of the vein. In 
most cases the “ limit of workings,^’* It II, I K, depend- 
ing on the nature of the grouiul and thieknehs of the 
vein, bhr)uld not approach the surface lU'arer than at a 
distance of twenty feet. Pillars of \eiii-stone are some- 
timos left in the mine for its lM*tter protection. These 
may be left, especially along the bides of the W’orking- 
shaft, with the Inglu^st advantage. They, together with 
the upper portion of the vein, can readily bo reclaimed, 
whenever dehired. 

As a gimcial rule, it Rceins proper to ol>8er\e, that 
on engaging in (juartz mining, the iirst thing to be done 
is to thoroughly “prospect” the \ein or mines. To ac- 
complish this, regarding the vein of the Rake species, a 
shaft should be sunk on it not less than one hundred feet 
deep, a tunnel driven as fir on its course, and the ore 
worked by a procsess near as possible to that proposed to 
be adopted. If the results prove favorable the adven- 
turer may proceed to erect his quartz machinery for 
working on a large scale, with assurances of almost cer- 
tain success. If the results aie unfavorable lie may con- 
gratulate himself tliat he has not fallen into the too fre- 
quent error of building expensive mills on worthless 
“lodes.” 



YENTILATION OF MINES- 


Tl\>e Verdilating of Mines is the act of circulating 
through any or all portions of their “ workings” pure air, 
and substituting it for foul air and other noxious sub* 
stances, of which those of most common occurrence are 
‘‘choke-damp” (carbonic acid) and “fire-damp” (carbu" 
retted hydrogen) each producing by inhalation almost 
instant death. The fonner of speciho gravity 1,520 oc- 
cupies the lowest part of the mine’s workings, and the 
latter of spcKufic gravity ,555 the upper part. “ Fire* 
damp” is combustible, and a mixture of one volume of it 
with ton volumes of air is highly explosive. It is the 
burning of this gas, and the explosion of its mixture with' 
air, that occasion at times 8t*ch fearful Inivoc of life and 
property. The resulting carbonic acid is called “ after- 
damp,” and is more fatal to miners than even the fire 
and explosion. 

Choke-damp and Fire-damp do not usually occur in 
any considerable quantities in the same mine. They are 
especially abundant in deposits of coal, which, being 
broken, one or the other is often copiously evolved from 
its immense store-house. Their occurrence in mineral or 
metaUiferous veins in some cases may be referable, to 
no little extent, to the decomposition of vein matter, but 
for the most part is attributable rather to the respirait^m 
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of the workmen, the combustion of candles and blasting 
powder, and the decomposition of wood and filling. 

On entering a mine in wdiich the existence of ** choke* 
damp’^ is suspected, the adventurer should carry, on the 
end of a pole, a burning candle, thrust a lew feet in 
advance. If the candle emits a strong light he can safely 
proceed — if a feeble light, his progress is attended with 
peril — and if it ceases to bum he cannot too quickly 
retrace his steps, for certain death awaits him. 

llie existence of “ fire-damp” in a mine is indicated by 
the behavior of the top” and tiame of a candle, which 
should be \vell trimnn»d. 

The “top,” or hazt?-Uke cap of the fiame, maintaining 
a yellowdsh brown color, not exceeding a quarter or half 
inch in length, denotes that the air is almost or quite free 
from “fire-damp.” The “top” elongating and changing 
to a bluish-gray color warns the miner of the presence of 
this gas. The “ top,” as also the flame shooting up into a 
sharp spire, the former changing its color from bluish- 
gray to a clear blue, while minute, luminous points rise 
rapidly up through the flame and toj), indicate that iho 
place abounds in “ fire-damp,” just on the point of burst* 
ing into flame and explosion. The miner in tliis perilous 
condition, mindful that the least agitation may effect the 
ignition of the gas, slowly lowers his candle to the floor, 
and cautiously retreats or ventures to extinguish the 
fllame with his tliumb and finger. 

The means of the Veiuilation of Mines are “ natural” 

und “ anificiab” 
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Natural MeanSi The difference between the tempera* 
tuire of tlie mine and that of the external air^ oombined 
with the difference between the levels of the openings at 
the surface, also at the points of their connection below 
ground, produce a circulation of air through the mine* 

A mine havirjg two shafts of different levels at the sur- 
face, and of the same level at their points of tunnel-con- 
nection at the bottom, in case the internal temperature 
is greater than the external, a circulation will be estab- 
lished througli the mine. The rarified air will rise and 
pass off, as by a chimney, through the shaft of the more 
elevated oi)ening, while its place will be supplied with 
fresh air flowing in through the shaft of less elevated 
opening. But in case the external temperature is greater 
than the internal, the direction of the current will be 
reversed. 

If the mine occurs in a level country, a high chimney, 
reared over one of the shafts, is made to supply the lack 
of a natural difference in elevation. 

Experience, however, shows that a mine having |,wo 
shafts of the same level at the surface^ and of different 
levels at the points of their tunnel-connection below, a 
current of air will flow quite uniformly down the deeper 
shall, along the tunnel, and up the shaft of less depths 

A long tunnel driven into the side of a mountain may 
readily be ventilated, by dividing it into two uneqi^ 
parts by a horizontal partition, by connecting its upper 
and smaller part at some distance from tbe entraii^i 
with a shaft raised to the surface, and by letting lit 
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lower part communicate witli the entrance and with the 
upper part at the other extremity of the tunnel A cur- 
rent is produced as the air in the upper or smaller part 
becomes sootier heated by the enclosing rock, and passes 
off through the shaft, while the fresh air to supply its 
place Sows in at the entrance, and thcnco along the lower 
part of tlic tunnel to its cxtremit3^ 

A mine may be ventilated to a limited extent by the 
application of the wind* The apparatus consists of a 
turn-cup, having a funnel-mouth open to the windward, 
and communicating with the mine through a pipe. The 
wind, arrested by the machine, is conducted by the pipe 
into the mine, and disposed of as required. 

Artificial Means. In artificial means arc involved the 
principles of “ propulsion and exhaust ion.” In applying 
the principle of ** propulsion,” large bellows, force-fans, 
and sometimes force-|mmp.s are employed. By these, the 
air, through pipes or otlier conductors, is driven into tho 
mine to those parts where most needed, wdiencc it i» dis- 
persed through the workings, and finally escapes at the 
mouth of the opening. This princijile is especially advan- 
tageous in that it readily admits the use of flexible pipe, 
or hose, by which the air is conducted with facility into 
recesses of most difficult acorn. Its application, how- 
ever, is either on a small scale or only ootnparalively tem- 
porary, The principle of ‘‘ exhaustion” is more generally 
applied, and with far greater economy and effect than 
that of ^ propulsion.” It is put in practice by exhaust^ 
fires” and ^furnaces.” These, conrnunicatmg 
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with the open air, are in some way connected with pipea, 
or their equivalents, extending to the remotest parts of 
the mine. As the machines are put in operation a circn- 
latiou of air is produced through the mine, the current 
extending from the “ opening” to the extremities of tlie 
exhaust pipes, through which it then, fraught with impu- 
titles passes and escapes above ground. 

Instead of ordinary pipes, there are sometimes substi- 
tuted covered trenches dug in the wall-rock of the shaft 
and along the bottom of the tunnel. The rock furnishes 
three sides of an air conductor. The fourth is formed 
of plank fitted iii its place air-tight with cement, or clay. 
Sometimes the shafts and tunnels entrie are converted, 
as it were, into air-pipes. This is especially the case in 
the more extensive works. 

The “ exhausters,” so called, consist of various contri- 
vantses, for the most part in the form of “ pumps ” and 
*‘fans,” whose relative merits with one another and 
among themselves it is not proposed to discuss. ** Fires,” 
for the purposes of exhaustion, are applied in dificreiit 
w’ays — ^l»y being placed at the mouth of the “ up-cast ” or 
chimney-like shaft, or at the bottom, or by being sus- 
pended in grates part way down the shaft. 

Furnaces,” especially in large operations, are most in 
use. The position of the furnace is in connection with 
the ttp-cast ” shaft, whose office is to conduct away the 
vapors, vitiated air and gases of the mine, as they are 
put in motion and caused to rise by the exhaustive iti“ 
fiuences of the heat. The furnace is sometimes placed 
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at Xh^ top and sometmies at the bottom of the shaft* 
The plan of placing it at the bottom b preferable, since, 
in compamon, the sides of the shaft becoming heatotl, 
ventilation is continued longer, and is less liable to 
derangement, in case of accident o<!cnring to the furnace. 
The ‘Mip-cast” and “down-east,” in other words the 
escape and supply air-shafts are, in eiVeet, the one at 
one end of a long tuimel, and the other at tlie other end. 
Other than this tliey have no cotnmunicalion, though 
frequently only separated by a partition wall. In con- 
nection wdth the furnace it is now j>ropose(l to illustrate 
a system of ventilation which is applietl with complete 
success eveu in coal mines abouinling in fire damp or 
other noxious substances. 

Let the mine be developed by a system of rectangular 
tunnels, represented one way by letters a, //, c, e, and 
the transverse way by numbers I, 2, 3, 4, 6, 0, 7, and by 
two shaft^s termed the “up-cast” and “down-cast,” sunk 
at the junction of b and 4 tunnels. Let air-tight doors be 
placed in the tunnels as follows : — in a betweei* 5th and 
6th; in b between 1st and 2d, 2d and :M,0Ui and 7th; in 
oetween 2d and 3d, 3d and 4th, 4th an<l 5th ; in d be- 
tween 2d and 3d, 3d and 4t!i, 4th and 5th ; in e between 
3d and 4th ; in 2d betw'een c and d ; in 3d between a 
and b ; in 5th betwc<*n 5 and c, d and e ; in 0th between 
b and c, c and d and e, and in 7th between c and </. 
Let the “ supply ” opening in the “ down-cast ” shaft be 
in 4th looking toward m ; and let the escape openings in 
the “ np-caat” shaft be — one in b looking toward 3d and 



80 QUAFTJS OPKKATOK 8 

otte in 4th looking toward c. On the famace being 
pttt in operation the fresh air descends the ** dow^n-cast” 
shaft, issues through the supply opening, and passes down 
tunnel 4lh to the jurjciioii of 4th and a, where it divides 
into two streams. One stream flows to the right along a 
up 5th, along b down Ctlj, along a up 7th, along e to 
the left up 6tb, along d to the right up 7th, along t to 
the left dow’n 4th into the “ up-cast,” and effects its 
escape. The other stream flows to the left along a to 2d, 
then in two branches — one up ‘2d and along c to 1st, the 
other along a and up 1st to c\ the branches here unit- 
ing, the stream flows up 1st to </, then in two branches 
•—one along d and up 2<1 to e, the other up 1st and along 
€ to 2d the branches here uniting, the stream flow’s 
along e dowm 8d ami along b into the ‘‘ up-cast,” and 
escaijcs by the chimney. 

In case of fire-damp” being very abundant in any 
portion of the mine, it is conducted by the way of the 
dumb-furuacc, which communicates wdth the “ up-cast” 
shaft, out of reach of the flame. Tlie draught of this fur- 
nace arises from the exhausted condition of ih^flue of 
the active furnace. 

Too much care, how^ever, cannot be used to dilute with 
fresh air this gas below* the explosive point before suffer- 
ing it to escape. Explosion does not occur when the 
volume of air is less than six or more than fourteen times 
the volume of the gas. ** Fire-damp” should not be in- 
haled unless mixed with air of full tlnrty times its vol- 
ume In practice, the mixture becomes not less dtlated 
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before it is taken to the active furnace. The doors or 
valves are double, that is, placed at some distance apart, 
so that by the alternate opening and shutting of them 
the currents of air are not interfered with. 

The “ doors, as also furnaces of ample capacity being 
properly arranged and managed, ilte veiiitilation of the 
mine, in its every part, is brought completely under coiv 
trol. At the pleasure of the manager, vapors the most 
pestilential, and gases the most poisonous and indammable 
are aerified to a degr€?e of entire salubrity, or imprisoned 
for the time being, or sent harmless away by themselves. 
This system apj>lie8 alike to coal ami horizontal deposits, 
or to mineral veins of any dip ntni extent, — in a word, 
is capable of almost unlimited application. 
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For iho mechanical reduction and concentration of ore», 
two kinds of quartz machinery, the wet and the are 
in use. The application of the former obtains in nt^arly 
or quite all extensive works, while that of the latter is 
mostly limited to the test-room and experimental opera- 
tions. 

For the full treatment of ores, auxiliary machines, 
common to the two, are employed. Of these the Hock- 
Breaker, Amalgamator and Bej>arator may be mentioned. 
The most efficient and economical quartz machinery thus 
far irdroduced for the mechanical reduction and concen- 
tration of ores and rock containing the precious metals, 
and for the purposes of amalgamation and subsequent 
treatment, consists, aside from prime movers, common 
connections and tanks, chiefly of the Hock-Breaker, 
Straight Batteries, Grinders and Amalgamators, Sepa- 
rators, Concentrators, Retorts, Cruciblc.s, and Ingot 
Molds. 


HOCK BREAKERS. 

Rock Breakers are machines chiefly employed for tbo 
crushing of rock, as it comes disengaged from the mine, 
quarry or other bed, to fragments an inch, half inch or 
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so in diameter. For this work tht*y are fast supersede- 
ing the “ Cornish Rollers and ** Hi^avy Stamp ” — in fine, 
all other machinery designed for like jiurposes. They 
have also been employed for the pnlveria^iition of ores 
and rock, but have jjot been sufiieiently successful to 
warrant their use in this department. 

The nearly upright jaws with convergent crushing 
faces constitute one of the chief features of Hock Break- 
ers. These are caused by means of machinery crank, or 
its equivalent, directly or inti irectlj" applied, alternately to 
recede from anti approach each other. In some maeldnes 
one, and in others both jaws are movable; and in some 
eases they have, additional to the vibratory, a lateral or 
vertical grinding or other cornpouml nmtion. The 
“Blake Stone Breaker” has one of its jaws stationary, 
the other inovabh*. In the upper eml of the latter is the 
centre of motion. 

The inventor, in describing the operation of the inaebine, 
says “ every revolution of the crank causes tin* lower end 
of the movable jaw to advance toward the fixed jaw 
about i of an inch and return. Hence, if a stone be 
dropped in b<.*twren the eonv»n*gent faces of the jaws, it 
will l>e brukeu l)y the next hueceediiig bite ; the result* 
ing fragments will Uien fall lower down and be broken 
Again, and so on until tliey pass out at the bottom. The 
ditsance between the jaws at the bottom, which limiu 
the sbe of the fragments, may be regulated at pleasure.” 

The “ Blake Stone Breaker ” may be mentioned with- 
out any disparagetueot to others of its ehiss as having 
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made for itself, in the Pacific gold and silver regions, an 
enviable reputation. One of these machines, with a feed 
opetjing of nine by fifteen inches area, is found capable of 
reducing from one hundred to one hundred and fifty tons 
of hard rock per day to a size suitable to be fed into 
Batteries. 

The machine of the size mentioned weighs 11,600 
pounds, and requires six-horse power to reduce seYen and 
one-half tons of rock per hoar. 

BATTERIES. 

The Battery embraces the frame (usually made of 
wood), Mortars, Cams, Cam-Shaft, Tappets, Stamps, 
Stamp-Stems, Shoes, Dies, Guides and Screens. 


MORTARS. 

High Mortar. — ^The High Mortar is represented by 
Figs. 2 ai d 3. Fig. 2 shows a front and Fig. 3 an end view 
of the mortar mostly approved on the Pacific coast and 
wherever else it has been employed for the reduction of 
ores containing the precious metals, B represents the 
feed opening, and C the screen opening. The screen is 
fastened by nails or screws to the screen-frame, which by 
wedges is firmly secured in grooves provided fur its 
reception at the ends of the mortar, and by two 
seen at the bottom of the opening C. 

Mortars, for working on a large scale, are constructed 
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for three, four, iivc or six stamps each. Milhuen aud 
quartz operators, from long experience, are unanimous in 
opiniou that the five-stamp mortar is preferable. 


Fig 3, Fm. 3. 



High Mohtah (Front View). High Hobtxh (End Vkw). 


Sectkm Moriar . — Tlie Section Mortar, designed for 
places of difficult access, can readily be taken apart and 
pacdccd on mul(*s. The Section lilortar may be high 
or low. It should only bt? employed in extreme cases, 
owing to its cost and greater liability to tlestruction 
than that of the Solid Mortar. 

Double DmJuirge Mortar. — Fig. 4 shows a side and 
Fig. b an end view of the Double Discharge Mortar. A A 
represents the doors, B the feed opening ; C the screen. 
The doors A A are lined on tlie inside with copper plate, 
as shown by the thick black lines. This style of mortar 
is designed more especially for the w^orking of gold bear* 
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ing roek. By removing the screen C atjd carrying the door 
fiomewhat higher, vfe have what is known as the Float 
Mortar. By substituting the door A for a screen, we 
have the High Mortar, as shown in Figs. 2 and 3, 
w)»ich is in most general use for the working of both 
gold and silver ores. 


Fio. 4. Fio. 5. 



D(;)iui»i.K<I>isruAHaB Moutau, UkjrnLK-DiscRAUQE Moktab 


(SSUc Vk'vv.) (End View.) 

/>ry Mortar , — The chief <litferetK*<? in construction, 
usually, between the ‘*wet” and “dry working mor- 
tars’’ is that the screens to the latter are higher or wider 
iixul at a less inclination to tlio horizon than in the former, 
besides being made of wire cloth instead of Russia iron. 
In the “Wheeler and IIolalingDry Mortar” no screen is 
used ; in this machine the discharge-opening is about six 
inches wide and between two and three feet above the 
die. The ore pulverized very line, rises to the dis- 
charge-opening, and thence passes through an 
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fan or blower into the settling eh.umbeiv from whirh :ui 
escape or air-supply pipe lends back to tl^e battery. It 
has been ])roj[)osod to employ a current of steam instead 
of thcybn, but not aware of its Inu ing been put in prao- 
lice, the writer cannot confidently s}>eak of its worth. 

llte Low Mort<n\ — The Low Mortar is less used than 
foniierly. Its usc,]iowevcr, is far from being abaudoiuMh 
The most improved low mortar is constructed with frame- 
grooves and diseharge-Iips. 

TAPPETS. 

The Tappet is tin* head, or maidiine seimred to the 
stamp-stem, by wliieh tbe earn raises and l(*tH fall the 
stamp upon the substance to be crushed. Fig. 6 n*pn*- 
scuts the I'lan, and Fig. 7 an elevation of the '‘(lib-tap- 


Fio. 6. Fio, 7. - 



Plan (TAPrRT). Elkvation (TAcritT). 


pet’’-- one of the many very valuable inventions in quart'/ 
machinery of Zenas Wheeler, E«q., of Wheeler Sc Randall. 
B, in Fig. 7, represents tlm “gib,’’ and A A the keys by 
which the la{*]>et is firmly secured to the stern. 
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By this invention, no cross and weakening key-seats 
in the stem are required ; besides, it can readily be ad- 
justed to any desired point. It surpasses in excellence 
any other in use for like purposes. 

CAMS. 

The Cani is a machine em]>loyed to raise the stamp to 
any desired lieight, and then allow it to fall by its own 
gravity upon the Hubslance to be orudied. Catns, in 
quartz inaehinery, are eonstrueted with one, two or three 
arms. The “ three-armed ” earn is but little used, as by it 
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BixotE-AuMKi) Cam. 

a less number of drop.s to the stamp can be obtained than 
by eitbor of the other styles mentioned. Fig. 8 repre- 
sents the “one” or “single-armed” cam, and Fig. d 
the “two” or “double-armed” cam. By the “ongto* 
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armed cam, when properly constructed, ninety lendnch 
diY>ps per minute are obtained with safety and economy. 


The proper curve of the 
cam*arm, so as to run %vith 
tbe least friction, is a 
modified involute of a 
circle, whose radius is 
equal to the horizontal 
distance between the cen- 
tre of the cam-shaft and 
the centre of the 8lam|> 
stem. Tiie<‘ani arin should 
have a greater or sharper 
curvature near each of its 
ends than the regular in- 
volute of the circle. The 
objects of this arc: 1st, 
to receive the tappet at 
the least practical dis- 
tance from the centre of 
the cam-shaft, where tlio 
concussion is less than at 
ft greater distance; and 
to prevent the sharp 
Olid of the cam from tear- 
ing along the face of the 
tappet, from a point near 
^ centre to its outer edge 
point of delivery. Th 
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Dora:.£-A]tMm> Cam. 
outer end of the cam-ai^ ti 
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fashionetl m as to conform to the outer edge of the 
tappet, which is circular. 

It seems propei* to remark, since the curve of the cam- 
arm is determined in reference to the distance between 
the centres of the carn*shaft and starnp-stern, that this 
distance in the practical erection of the machinery should 
never on any account be changed in respect to the same 
curve. 


CAMSHAFT. 

The Cam-Shaft is a round bar of iron, turned, finished, 
and liaving one and sometimes two key -seats cut in it 
lengthwise, between its jourmals, for the securing of the 
cams in their places. For stamps of ordinary weight, 
the eam-shafl is usually made about four and one-Balf 
inches in diameter. Sometimes one sliaft is employed to 
run fillcen or more stamps. An iude]>ciulent cam-shaft, 
however, for each battery of five stamps is much more 
preferable; in which event, if there is a line of several 
batieriefi, a counter-shaft is usually employed. 


STAMPS. 

Fig. 10 represents the Stam|Hhead or socket, includ- 
ing portions of the stamp-stem and shoe. C C, C C, 
represents wrought-iron hoops ; I) D, key-ways, the 
, beiag used for forcing or driving out the stamp- 
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»tem and shoe from the slatnjvJioad or soi-kot, when 
necessary. A represents l!je slainpstem, anti B the 
atena of the shoe. 

The stamp, in a broad signiiicaiion, embraces the tap* 
fKft already described ; the stamp-stem, which is a round 
bar of M^rouglit iron, turned and finished; and the staiup- 
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head or socket, which is made of the toughest castdron, in 
the upper end of wliich the stamp-stern is firmly Hceured in 
a slightly conical opening, ami in the lower end of which 
is a larger conical opening ; into this is fitted willi wooden 
wedges the stem of the shoe, which may be removed at 
pleasure The shoo should be made of cast-steel ; white 
m>n, hon'ever, u usually employed. Tlie round stamp 
hm almost entirely supplanted the use of the square. 
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DIES. 

The Dies arc made of cast steel, or the same quality 
of iron as the shoes, and are fitted into the bottom of the 
mortar. These may also be removed at pleasure. Some 
dies are round, and are fitted into recesses of correspond* 
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Stamp-Shob and Mobtar-Die. 

ing forma in the bottom of the mortar ; others are nearly 
square. There sliould always be the same number of 
dies as stamps in a mortar. In Figs. 11 and 12, S 
denotes the stamp'shoe, and D the mortar die. 

SCREENS. 

The Screen used for working ores by the wH proeem 
is made generally of Russia sbeet*iron. This iron haa f 
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j^laiiished, glossy and smooth surface of gray oxide of 
iron ; it should be free from rust or flaws, and be very 
soft and tough. The severest test of sheet-iron consists 
in hammerit»g a part of the slicet into a concave form. 
In the manufacture of this kind of screens, the sheet is 
perforated by punches varying in size frt)in the number 
nine to the number one common sewing needle. 

The screen used for working ores clry is usually made 
of wire, and varies in fineness from nine hundred to ten 
thousand meshes to the inch. 

GUIDES. 

The Guide in which the stamp runs is generally made 
of the firmest wood, wliich can easily be obtained, and ia 
secured by bolts to the cross-iies of the battery frame. 
It is constructed in halves, so that when the stem-way 
through it, or betw’e.en its parts becomes worn, it may be 
refitted to the 4stcm by dressing down its factfs. 


GRINDEKS AXD AMAL(;AMAT0R>S. 

Machines in almost endless variety have been em- 
ployed for the reduction of ores from a graniitar state to 
m impalpable powder or slime condition, and for the 
amalgamation of the precious metals. Of all these the 
jtoost efficient in use are technically termed “Grinders 
Amalgamators.” The Grinder and Amalgamator 
a large pan provided with grinding plates which op- 
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era to similar to millstonos. The upper plate^ called a 
‘‘mailer,” revolves, and besides grinding, incorporates 
the quicksilver into the charge of ore under treatment. 

On the Paciiic coast, Grinders and Amalgamators are 
employed almost to tl>o entire exclusion of all other ma- 
chines invented for like }>urposes. They take their res- 
})ective miTnes from the several forms of their grinding 
8urfac(‘s, and may be properly classi 6ed as the Tractory^ 
Plane and Coni<‘al. 

WHEELER AND ILVNDALT/S EXCELSIOR 
GIHNDER AND AMALGAMATOR. 

In the Tractory Conoidal machines, the grinding sur- 
fac<*«, or stirfac(;s of revolution are gtjnerated by revolv- 
ing the tractory curve round its directrix as an axis. 
The invention embraces two styles of machines — one 
called the “ Tractory <,\moidal Grinder and Amalgama- 
tor,” the other, the “ Excelsior Grinder and Amalgama- 
tor,” represented in the annexed cut. The former of 
these machines has the greater base of its muller upward, 
and the latter has it downward. The quicksilver in the 
former is much less agitated than in the latter, which by 
many operators is regarded a very valuable desideratum. 
On the other hand the material to be amalgamated passes 
direct from the gnnding surfaces into the quicksilver, thus 
pmduding, after having been burnislicd, the possibility 
of becoming coated with any foreign matter. Prefer- 
ence i« mostiy in favor of the Excelsior, 
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Theoretically, also practically considered, tlu? grinding 
effect of either the Tractory Conoidal ” or the ** Ex* 
celsior Grinder and Amalgamator” are fifty per cent, 
greater than that of tlie Plane, and thirty-four p(?r cent, 
greater than that of the Conical I'an of the same size. 
The reason for this great inequality is tliat the vertical 
wear of the tract or v-forraed grinding-plates is uniform, 
whereas in the plane and conical pans the more central 
portions the grinding-plates impede the wear and con- 
sequent grinding effects of the less central portions. The 
grinding-plates under consideration are subject to the 
same laws as pivots — in fact are but large pivots — on 
which subject see “ Des Ingeiiicnrs Taschcnbiich,” pages 
14;i and 144 — “Weisbach Mechanics,” pages 313 to 318 
inclusive — Professor Kankine^s “Manual of the Stofira 
Engine and other Prime Movers,” page 17 — M. M,. Ar- 
mengaud, sen,, Armengaud, jun., and vVmonroux's “Prac- 
tical Draughtsman and Book of Industrial Design,” pages 
181 to 1B3 — and the supplement of Wheeler and llan- 
duU’s “ Quartz Operator’s Hand-Book ” — Fij-st Edition. 

The great populanly of the “Excelsior Grinder and 
Amalgamator,” however, arises not alone from its supe- 
rior gnnding properties, but among otlier things, from its 
unequalled stability and convenience of working and 
cleaning vp. Thus, when it is neces.sary to put in a new 
set of shoes and dies, or to clean up, instead of employing 
fall and tackle, levers and skids, with waste of time and 
much hard work, as is the case in other pans, the muller 
of the Excelsior, by means of the screw at the centre^, u 
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raiBed with the utmost facility entirely out of the way of 
the operator. 

Tiie form of the Jiub and stationary grinding-plates 
pitching down tow:ir<l the cir<iurnf<.*renec also greatly 
facilitate the drawing olf the pulp and cleaning up.” 
When, from sto])ping the mill or oiher causes, the pulp 
in the pan becomes loo firmly packed to allow starting 
the miillcr by means of the hand-wheel at the side of thc^ 
pan, it is readily accomplished by removing the key in 
the centre-screw. The muller, rising, breaks uj) the pulp. 
Then, at the ple.asurc of the operator, it is lowered and 
BCeured by the key being retui‘iK*<l to its place. For 
the practical uses of the Excelsior (irinder and Amalga- 
mator, see “Treatment of Silver Ores by Amalgamation 
—Pan process,” 

This machincj is so constructed that it is re.adily con- 
verted into a continuous Grinder and Amalgamator. 
Openings on its side at dilfereul elevations are prepared 
for the reception of a diseliargc-tube, which extends near 
the centre of the pan, where the material under treatment 
is lightest and least agitated. 


SEPAHATORS. 


These machines differ in form from each other almost to 
an unlimited extent. The term “ Separator,” in general, 
embraces that class of inventions designed for separa- 
ting the amalgam and precious metals from their “ pulp ” 
: gaugue. The machines to wliich it has come more 
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fipecially to bo appluMl are large pans, varying from few 
to say ten feet in iliaineter, and from one to four feet in 
depth. A common size is seven feet diameter and two 
feet deep. If they are made much larger than this, the 
eenti al portions of the mass being operated on are apt to 
“ pack,” while tliose at the circumference are undergoing 
j)roper treatment ; or orj the other hand, the outer portions 
become too much agitated, while the inner are being well 
worked. They arc named according to the form of their 
respectivci bottoms, to wit : the Flane^ Concave and Cofir 
oiduL 

In the Plane^ the quicksilver spn'ading over the entire 
bottom is apt to be ground with the gangue instead of 
parted from it 

In the (Joncav(\ the ore being deepest at the centre 
where the motion is least, tentls to “ pack,” thus pi*event- 
ing separation from taking place. 

To avoid these fatal objections, and otherwise simplify 
and facilitate the w'ork of the operator, the Conoidal 
was invented, which it is proposed to describe somewhat 
in detail, 

WHEELER AND RANDALL’S CONOIDAI. 

SEPARATOR. 

The Conoidal Sej>arator has a curv‘ed bottom, 
curvature decreases from near the centre towwds the 
circumference, where, writh the exception of a bowl and 
spiral groove for quicksilver, the surface is nearly ftaL 
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By this happy <lcvice, nnilormity of motion and mixing 
of the material mnier Ireulmenl are secured ; packing 
of the pul]>’’ about the centre, or grinding of the quick- 
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silver with the gangjie, as experienced in other separators, 
is obviated, and the Iab«>r of cleaning up” is greatly 
iessene<i and simplitkd. This machine is provided M'ith 
a large screw at the eent^,JI^4j;Mch the muller can 
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readily be raised entirely out of the way of the operator. 
It also has the “ Patent Self-regulating Quicksilver Dis- 
charge Ap}>aratus,” which b a very useful and great 
labor-saving inacliino. The capacity of the Conoidal Sej>- 
arator is rated at ten tons of ore in twenty- four hours* 
See “ Trcatinent of Silver Ores by Amalgamation — Pan 
process.” 


CONCENTUATORS. 

The term “ Concentrator” may in general be applied 
to any device made for separating th(‘ heavier portions 
of granulated or finely-broken ore from tlie lighter. 
(leiH’rically, concentrators are to b(? classified as the 
** dry ” and the “ wet.” Relative to the former, reference 
is made to the article on the reduction and concentration 
of ores — dry way. As to tlie latter, those in most com- 
mon use are, the Hand or Rox Jiuddles; Revolving 
Buddies; Jiggei-s; Dolly Tubs; Sludge Dressing Ma- 
chines; Tables, didc ring in size, structure and motion; 
Cradles; Hides of animals, having the hair on ; Riffles; 
Blankets to be washed by hand ; Revolving Blankets ; 
and machines of more recent construction and specially 
ktiown as ‘‘ Concentrators.” As a general rule, the re- 
placed ore should be carefully sIzcmI l)efore being dressed 
by almost any one of the machines enumerated. On 
this continent, liowcver, it is not usually done. The 
sizing may be effected by revolving sieves running in 
water. 
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The Concentrators which seem most entitled to con* 
sideration are the “ Eureka ” and the “ Tabular/’ 

WHEELER AND RANDALL’S EUREKA 
CONCENTRATOR. 

This machine in some of its features does iiot essen- 
tially differ from the ‘‘Sludge dressing inaehine/’ quit© 
favorably known in Europe. Jn ooinparison, however, it 
possesses some very important advaiitages over that 
machine. Thus it concentrates more rapidly and is con- 
tinuous working, both as to the dividing or separating 
of the ores aeeording to their sp<*<*iiie gravities, and the 
discharging of the quieloiilver coUi*eUML Tin* diameter 
of this machine is about five feet. The form of the hot* 
torn is that of a douhledndined plane, whose upper edge 
coiiicides wdth the diameter, ami is at right angles to the 
horizontal driving>shaft. Its motion is angular and vi- 
bratory. It has a eentral opening, like tlie “ Sludge dress- 
ing machine,” for the discharge of the gangue. At 
each of its lower sides is a long narrow opening through 
the rim, for ilie discharge <»f the ore concentrated into 
the “sulphnret box,” whence it is delivered continn- 
onsly as gathered into the tank below. Tlie invention 
of this eo?i(muo^m (litharge apparatus w'as patented 
by Mr. WTiccler in 1864, and it is to be regretted that 
certain soi disant inventors are appropriating it to their 
own uses with unwarrantable freedom. At the circum- 
ference of the pan-bottoin are depressioms for collect- 
3 * 
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iag q«tcksUver, which h conducted off as gathered by 
means of The Wheeler Patent Self-regulating Quicksih 
Ver Bischarge Apparatus. 

The Concentrator has a conicahforraed cover, at the 
centre of which is a large bowl. Near the circumfer- 
ence of the cover is a circular screen. The material to be 
treated is run into the bowd ; thence flow's over the cover 
through the screen into the pan, and is then disposed of 
as before described. 


THE WHEELER ANB RANDALL TABULAR 
CONCENTRATOR AND AMALGAMATOR. 

In the accompanying Fig. .15 of The Wheeler and 
Randall Concentrator and Amalgamator, A represents 
the frame; B, liead of the table; E, sulphuret-box ; I, 
discharge-pipe; 11, bottom of table; L, copper plate, 
silvered; P, show'er-pipe ; T, connecting-rod; D, self, 
discharging quicksilver apparatus; C, receiving-trough, 
perforated at the bottom and secured to the liead 13. 
The bottom of the hcad-eud is about huir indies low'cr 
than the o|>posite or discharge-end. The table has a 
vibratory or pendulum motion at riglit angles to the 
current of pulp and w’ater passing through it. The 
vibrations are throe inches in length, and three hundred 
and sixty a minute. The ra.aterial, as it comes from the 
stamps or other reduction w'orks, passes direct into the 
receiving-trough, thence is showered into the main table. 
By the quick, short, vibratory motion the material in 



TtOJLTIlTOTflSY QMT SOXYHlKaOKOO ttTiaffTX 



JTio. 15. 


00 QUARTZ OPERATOltS HAND BOOK. 

kept buoyed up, or prevented from packing; at the same 
time the precious metals and the heavit^r portions of the 
matcn-ial being treated (almost ever the richer portions 
of the ores) by their sjKcitic gravity, sink to the lowest 
depths in the table. The substances 8u\>ject to amalga- 
mation are taken t»p by the quicksilvcT lying in the deep- 
est part of the table. The etilphurets and heavier por- 
tions of the ores pass into the sulpburcil-box ihrotigh a 
small opening in the head, about one inch and a half 
above tlie table bottom. The agitation in the sulphuret- 
box, owing to its shorter length, being much greater 
than the agitation in the main table, the sulphurets and 
lieavitT pf>rti(ni8 of the ores are thrown backward and 
forward in tlie direction of the motion to the ends of the 
box, and pass througli a small adjustable opening into 
the discharg<' pipe T, tlience into the tank below. So 
simple is this apparatus that the utmost novice can 
, readily adjust the pi]»e so as to obtain any desired per- 
centage of the heavier portions of the ores under treat- 
ment. The lighter and poorer portions of the ores pass 
in a thin sheet, being triturated at the same time over 
the silvered plate L, off at the diHcharge-end, opposite to 
the head B of the table. 

From the pipe P, water is continuously thrown in a 
fine shower upon the silvered plate L. The effect of this 
showier is to keep the plate clean, thoroughly wash the 
material under treatment, and send back any particles 
that may have otherwise escaped. To the credit of the 
machine, however, as reported by the most exi>enaa- 
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cod maiiipulatorn oi‘ the copjtcr j^Iate and nhower 
pipe bcarooly pay the wligiit expetwe of their iirst eo«t, so 
effectual has been the <»per:nion of tlu^ table oti the ores 
jirior to tlieir reaching the plate in <piebtion. The quick- 
mUct is kept at ariv (leered heii*ht in the table by ineniH 
oi‘ the self-diM'har^ing <{uieksil\er apparatus 1>, The snr- 
plus quicksih <*r, as it ctmies fro!n the redueiion wi»rks^ 
flows off into a vessel prepared for its re(*epiion. The 
amalgam iyathere»l in th(‘ bottom of the table may bo 
“cleaned up” from time to time aecordiiijr to tbe wish 
of the o]>orator. 

F(»r the treatment of most ore-x^ as a j;eneral rule, tho 
weight of >tater to that of ore f-hould b(^ as four and a 
half to one. The stream <»f pulp should flow uniformly 
into tlie nuK'hine. d'he eapaeUy of the inachim* is rated 
at fhe tons of ore in twenty four hours. A much larj^er 
quantity per day has been treated in it with entire sue* 
cess. The frame slnmld be well Keeure<l by bolls to a 
good foundation. 


KKTOKTS, 

Hetorts, with their aj»pnrte!iaf»ees, are vessels em- 
ployed in “distillation ” and “ hublimation.” The oper- 
ation is termed “ sublimation ’Mf the resulting product 
is a solid, and “distillation'’ if it is a liquid or fluid. The 
operation of vaporizing the mercury of gold and silver 
amalgam, of conducting away an<l condensing the vapor, 
ii$ termed “retorting.” ltetf>rts for this purpose are 
usually made of cast-iron. Their shape and dioicnhions 
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vary according to the caprice of the constructur as well 
as the amount of work to be peidormed. 

GOLD RETORTS. 

The Gold Retort is a conical-shaped vessel, having its 
mnaller end or bottom usually rounded. The cone is 
secured to the mouth or larger end by means of a clamp 
and wedge. The joint between the cone and rim of the 
retort is made tight hy means of loam or clay. The 
shorter leg of a syphen-forraed exhan8t-pij>e is screwed 
into and througli llie cover ; the other and longer leg is 
made to pass through the condeiiHcr, which is a simple 
vt^ssel kept lilled with cold water while the retort is in 
use. Sometimes instead of a vessel as a condenser, 
cloths kept wet with cold water are wrapped round the 
pipe. The inside of the retort, Indore being used, should 
be rubbed over with chalk, Hour, cliarcoal, or like sub- 
stance, to jnevent the ain.algam from sticking. It is not 
advisable to till the retort over two-tl»irds full, lest, by 
its e.vpansioo, the vaj>or or exhanst-pipe becomes clioked, 
and the apparatus bursts in consecpience. The heat at 
first ought to be gentle, and applied to the shorter leg 
of the pipe and upper part of the retort ; tlien to all parts 
of the body of tlie retort alike. The heat may then be 
gradually increased, but never raised to a degree much 
above a bright cherry red. The quicksilver, on being 
condensed, flows into the receiver, which is generally 
kept filled with abater. 
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SILVER RETORTS. 

The Silver Retort, as it is ealltHi, is as well adapted fot 
the retortiog of gold as of silver amalgam, when the 
quantity is large. The most approved retort is the cy* 
liridrical. Some of the advantages of this style are, that 
it can be turned so as to substituUi a sound for a burnt 
side, without destroying the brick-work ; also, for a sim* 
ilar reason, it can be rcj)laced by a new one. For ex- 
ample, a retort formed of convenient sine at»<i pn»por- 
lions is sixty inches long; tlic. niaiii or cylindritj portion 
on the inside (tliickness of metal one and onolnilf indies,) 
is twelve inches in diameter and thirty-six inches in 
lengtli ; the neck, of conoidal form, is twenty-four inches 
long and two and one-half inches least inside diameter. 
There is a flange on the end of the neck to which the 
exhaust-pipe is secured by bolts. This pipe, the retort 
being properly Si‘t much like the common horizontal 
flue boiler, turns downward at right angles, and passea 
through the condf'nser. When in us<», the condens<?r ia 
kept filU'd with c<dd watm* (<? tlic height of the <lischarge- 
pipe near its top, by a small snpply-fupo wiiich reaches 
near its bottom. The quicksilveroe<u*iver, placed under 
the end of the evhaust-pipts is kept nearly full of water. 
The other end of ilie retort has an angle, flfAUge or hood, 
into which the door is fitted* Within the oyliiidric por- 
tion of this flange, or hoo<l, are two inedined or helix- 
formed lugs opposite each other, A bar,” turning upon 
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ia pin in the centre of the door, holds it firmly in its place, 
by the ends of the bar catching under the inclined or 
»crew*forined lugs. The joint between the door and bot- 
tom of the flange is made tight usually by means of clay 
luting. 

Two tiers of amalgam trays may be used in this re* 
tort at the same time, one above the other. The bottoms 
of the lower tier are circular, so as to conform to the 
shape of the retort. When the retort is in use, tempor- 
ary brick-work is sometimes built up in front of the door 
to prevent the escape of heat. 


CRUCIBLES. 

Crucibles arc small conical vessels, narrower at the 
bottom than at the mouth, for reducing ores in dociraacy 
by the dry analysis, for fusing mixtures of earthy and 
other subsUinces, for melting metals and compounding 
metallic alloys. They ought to be refractory in the 
strongci't heats, and not readily acted upon by the sub- 
stances ignited in them, not porous to liquids, and capable 
of bearing considerable alteruations of temperature with- 
out cracking, on which account they should not be made 
very thick. The best crucibles are formed from a pure 
fire-clay, mixed with linely-ground cement of old cruci- 
bles, and a jiortiou of blaek-lead or graphite. Some 
pounded coke may be mixed with the plumbago. The 
clay should be prepared in a similar way to that for 
making pottery- ware. The vessels, after being formed. 
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must be slowly dried, and then properly baked in the 
kiln* 

Black Lmd Cracibki are made of two parts of graph* 
ite and one of fii-e-clay mixed with water into a pastOi 
pressed in molds, and well dried, but not baked hard i» 
the kilm Tiiey bear a higher heat than the Hessian cm* 
cibies, as well as sudden changes of temperature ; have 
a smooth surface, and are therefore preferred by the 
melters of gold and silver. This compound forms excel- 
lent small or portable furnaces, 

INGOT MOLDS. 

Ingot Molds are simple troughs made of cast iron. 
They arc slightly w'edge forrncd, the cavity being some- 
what larger at thcf top than at the bottom. For example, 
the inside of an ingot mold two inches by six inches at 
the bottom and two inches in height, should be about 
two and one-eighth indies by six and a quarter in<;hc8 at 
the top. The inside of the mold shouhl be oiled Iiefore 
being used. 

It is customary to put the nominal ca|iacity of the 
ingot mold per cubic inch for gold at one hundred and 
twenty-five dollars, and for silver at four and one quar* 
ter dollars. 



STAMP MILL. 


The expression ‘‘ Stamp Mill,” in a limited sen«e, sig* 
ni^es simply the batteries ; but in a broader sense, em- 
braces not only the batteries but the piime movers and 
all the machinery applicable to the reduction andconcen 
tration of ores*, amalgamation and further treatment of 
the precious metals. 

The work to which stamps are peculiarly >vcll adajjted 
is the re«luetiori of fragmentary ores coming from the 
rock-breaker to a granular state, so as to pass through 
Ko. 4 or No. 5 screetjs. In this capacity, stamps arranged 
in straight batteri<‘S arc unrivalled in cfliciency, durability 
and simplicity. To accoinjdish the same kind of w^ork, 
thousands of different machines have been put in opera- 
tion. These invariably have proved so many failures, 
and have shortly found their way to the furnace, or been 
left 'where first roared as monuments of a sad experience. 

A stamp weighing six hundred and fifty pounds, and 
making ninety twelve-inch drops a minute for twenty- 
four hours, reduces about two and one-half tons of hard, 
tough rock from and to the respective sizes named, and 
rtHjuires nt^arly one-horse power for eacli ton of rock so 
reduced. Ft)r the reduction of gold and silver ores the 
usual ratio by weight of water to that of rock is as four 
and a half to one, while for the I.,ake Superior copper 
ores the ratio is as tw^enty to one by volume. 



STAMr MUJ.. 


iiT 

The* feeding of the rock into the hatti^ry should he 
uuilortn. The piaciical rule is to so feed tl>at iron to 
iron sIkiH be heard as often as every tenth or lifleenth 
fall of the stamp. 

Looking to the eiHictiun of a Stamp Mill, locaimi i$ a 
subject of scarcely less importance than that of delermm* 
ing the prospective value of the vein or mhicral d(‘i)Osit 
for which the machinery is designed. The site should 
be selected wdth a view chiefly to its elevaticm, its acces* 
sibility to the mine and common thoroughfare, and to the 
facilities offered by the surroundiiig country for fuel, tim- 
ber and water. The height of the elevation for immedi- 
ate mill purposes should not be less than twenty feet ; 
besides, the fall below for currying off the laUings sliould 
be Xit least one and a half inches to the foot, unless there 
may be a surplus of water. 

The floors of the mill should bo arranged in steps so 
that the material under treatment shall pa^ss from ma- 
chine to macliine through the series with the least hand- 
ling. To secure tlni best results the foundations of all 
the machinery must be tlrin — those of the mortars in [ar- 
ticular. The timber in mortar foundations is |>laca*ii, as 
to its grain, cither horizontal or ve^ti(^al. The horizon- 
tal foundation is composed sometimes <»f a single tiutber, 
and sometimes of several In either case they arc laid 
across mud sills, or on brick or stone work. A single tim- 
ber, termed a ** mortar block,” being employed, the mor- 
tars are secured in their places cither by large bolts or 
by being let into it. If several sticks, (usually three) are 
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used, they are bolted togetlier, one aeting as a bed for 
the mortar and the other two as side clamps. The ver- 
tical foundation is constructed in distinct eectionfe, each of 
which, designed for a single mortar, is composed of sev- 
<fral timbers framed and securely bound together with 
bolts, keys and hoops. In case of their being several 
sections, they are connected by clamps running length- 
wise of the batteries. Tlie bed-rock is usually sought as 
the base of the vertical foundation, but when tliis lies 
too dt ej), resort is had to rnud-sills, brick or stone work. 
The end of each frame of timbers shouhl be dressed 
level and smooth so as to luakci an ac'curate fit with 
the planed bottom of the mortar, which is to be bolted 
to it. The vertical foundation is prefera\»!e to the hori- 
zontal, for being s(’parate from the battery frame, the 
jar occasioned by the fall of the stamps is not communi- 
cated to the other mnehiiiery. Tt is also lirrncr, thus 
rendering the blow of the stamp more elVectlve. IJcsides, 
in case of de<*ay it can readily he repaired without detri- 
ment to the frame of the battery. 

^^"ater and steam being common to most driven ma- 
chinery, a description simply of the principal modes of 
their connection with the quartz machinery of Stamp 
Mills is in this place deemed sufficient. The main driving- 
shaft is in some iiistanees coupled with the cam-shaft, 
and in others is connected with it by means of a coun- 
ter-shaft and gearing, or belts and pulleys. When the 
coupling is used, the cam-shaft is frequently employed 
as a driving-shaft for the other machiuery. In case <rf 
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the counter-shaft being adopted, it ia usually placed at 
the foot and in front of the batteries, but sometimes is 
pmt from fifteen to twenty feet from them, and ten or 
more feet above the level of this position. The eonnoc- 
lion between the intermediate an<l motor-shafts may bo 
made by direct coupling or by intervening machinery. 
The stamps, grinders and amalgamators, and commonly 
the separators are driven by this shaft. 

Another counter-shaft for the rock-breaker, ami sub- 
coiiuter*shafts deriving their motions from the main inter- 
mediate shaft, for driving respectivf'ly the amalgamators 
and the concent rator.s, are generally introduced. AVheii 
the elevated counter-shaft is ernploytHl, the rock-brcakcr 
is driven by a subcounter-shaft [>laced on the top of 
the battery frame. As a general proposition the appli- 
cation of interme<liate shafts is preferable to that of 
direct cou[)lingR; for in the former case, the battericH 
and the amalgamating machinery may be run or stopped 
at pleasure, the one without interfering with the other; 
W'hcreas in the latter case, the amalgamating machinery, 
receiving its motion through the carn-sliaft, is subject to 
all its delays. Besides, both the motive machinery and 
that driven from the cam-sliaft arc exposed to no little 
wetLT and tear, arising from the jar produced by the fall of 
the stamps and the concussion of the cams and tappets. 
But wdiether it is better to put the intermediate shaft near 
the foot of the battery or to elevate it as described, is not 
fully settled. If it is placed in the lower position its jour- 
u^ds aiui bearings, without extreme care, are liable to ba 
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injured by crushed ore from the battery getting into the 
pillow-blocks. Another important objection is that the 
cam-shaft belt is rendered too short to secure the best 
mechanical results; otherwise, as the running machin- 
ery is entirely out of the way of the workmen, the plan 
seems almost faultless. The shaft placed in the upper 
position, these objections do not apply; but one well 
worthy of no little attention docs: the framework for 
the running machinery, the belts, tightening pulleys and 
other appliances taking up much valuable room, restrain 
the operations of the workmen. 

Having described in preceding articles, somewhat in 
detail, the best known quartz machinery, and discussed in 
the present article the leading features of Stamp Mills, 
it is now proposed to consider Silver and Gbld Mills, with 
reference to the arrangement of the machinery and the 
modes of operating it. 



SILVER MILL. 


Aside from motors and connecting maclitnery, the 
principal machines of a Silver Mill are the Ilock-break«*r!*^ 
Batteries, Tanks, Grinders and Amalgamators, Scj»ara- 
tors. Concentrators, Retorts, Crucibles and Ingot Molds. 

Mock^Breakera . — ^Tho ore, as it comes in blocks from 
tbe mines varying in size from a hen’s egg to that as 
large as a man can well lift, is fed Into this machine^ 
which reduces it to an inch or so in dlameten A Blake 
Stone Breaker (see description) with a feed opening nine 
by fifteen inches area, tbe cmnk making one hundred and 
eighty revolutions a minute, rednoes from one hundred to 
one hundred and fifty tons of hard rock in twenty-four 
hours to a size suitable to be fed Into tbe batteries, and 
requires about six-horse power, Tlie rock, or ore, as re- 
duced, falls upon tbe battery “feed fioor.” I*rior to the 
introduction of the rock-breaker into the mines the ore 
w^as “spalled” by band-rollers or by stamps weighing a 
thousand or more pounds and having a fall of at least 
three feet. Ore is still prepared for further reduction by 
hand, when the amount does not exceed fifteen or twxmty 
tons a day. 

— The Batteries sueceed the Eoek-brealcer at a 
distance of twelve or more feet The “ feed floor ” of the 
IbitncET, depending on tbe available fall, is ten feet, mom 
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or less, below the floor of the foniier. The fectl floor 
should be nearly level with the feed opening iu the bat- 
teries, so as to save the labor of lifting tiie ore. It is 
often from two to three feet below, but no got>d reasons 
ean be assigned for this plan. The feeding of the ore 
should be iinift)rm — (see description of <»old Mill). Tlio 
material fed into the batteries being reduced sufticiently 
fine to pass through No. 4 or No. 5 Uussia iron screens, 
flows into the tanks. It is cnst^miury to esliuiato that 
each stamp weigliing six hundred and fifty pounds, and 
making ninety ten-inch drops per minute, will crush 
about two and on(*-haIf tons of hard rock in twenty-four 
hours, and requires nearly <»ne-horse powt^r for each ton 
reduced. As a general proposition, all the conditions 
coinjdied with, this is near the truth; but owing to the 
lessening weiglit of the stamp by wear, ami the unavoid- 
able hindrances to continuous running, two ions a day 
for any considerable time may be regarded good work. 

Tanks . — The Tanks come next, ami are usually set 
with their tops level with the upper side of the sills of the 
battery frame. Tiiey vary greatly in si/.e. A common 
size is five by seven feet, and three feet dei‘p. In these 
the ore is well settled, so that the water runs ofl' quite 
clear. Proj>er settling ” of the or<is is a matter of vital 
importance. Tlie tank capacity cannot be too extensive. 
It is well to arrange these machines in a series, so that 
the ore borne along by the water through the first of the 
series may be depo.sited in the second or third, and so on 
to the satisfaction of a rigid test. Silver ore, for the most 
4 
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part being very friable to no little extent, becomes so fins 
in the process of reduction as readily, without extreme 
care, to pass ofT in the current of water. While a 
“ charge ” is being taken from one tank, the stream of ore 
and water from the battery is turned into another of the 
receptacles. The capacity of a tank of the proposed 
dimensions is between four and five tons of ordinary 
crashed ore. 

Grinders and AmalgamatorB. — These machines are 
placed near the tanks with their rims level wdth the 
tops of the latter. The “Excelsior Grinders and Amal- 
gamators,” with rauller four feet diameter, require about 
five feet fall and seven feet run, including the platform. 
A less fall, however, will suffice by setting the separator 
with its top just below the level of the discharge-opening 
of the machine under consideration. In these machines 
the ore from the tanks is worked in charges and reduced 
to an impalpable paste or slime, or “ slum ” — (see “ Treat- 
ment of Silver Ores by Amalgamation — Pan process.”) 
An “ Excelsior ” of the proposed size, the mailer making 
sixty-five revolutions a minute, will reduce full five tons 
of ore in twenty-four hours, and require about five-horse 
power. 

Separators , — ^Tlie Separator follows the Grinder and 
Amalgamator. It is placed sometimes so that one of 
its sides is under the platform of that machine, and 
sometimes just from under it and more elevated, as sug* 
gested above. The Conoidal Separator, seven feet diam- 
eter, requires of itself from four to five feet fall and 
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nim feet run, including platfontu As to details for 
Operating tliis machine, see Treatment of Silver Ores 
by Amalgamation — Pan process.” In it can bo well 
worked about ten tons of ore a day, at an expense of 
one horse power, providing the ore is not allowed to 
pack. 

Vomcntrators , — The Concentrator succeeds the Sepa- 
rator, and requires, in case of the Tabular being em- 
ployed, about three feet fall and ten feet run. (For a 
particular description of this machine, see “Tabular 
Concentrator.”) The ore runs from the separator into 
it. The lighter and poorer portions of the material flow 
off at the discharge end, and the heavier and richer por- 
tions pass off at the sulphuret-pipe into the tank. It is 
capable of working from five to ten tons of ore a day, 
and requires not to exceed one half of a horse power. 

For description of Metorts^ Cmcibles and Ingot Mold$^ 
the reader is referred to the articles under their respec- 
tive heads. 



GOLD MILL. 


Gold Mills arc in far greater variety than Silvei, 
for the reduction of the vein stone, concentration of the 
richer portions of the material under treatment, and the 
amalgamation of the precious metals. 

The Biijne raachiiics, that is, the rock-breaker, stamp, 
grinder and amalgamator, separator and concentrator, 
arc employed both in gold and silver metallurgy, but 
arc subject to greater modifications in arrangement in 
the treatment of gold-bearing rock than in the treat- 
ment of silver ores. 

In the treatment of silver, all the ores that are 
crushed are ground in pans, separated, etc., but in the 
treatment of gold-bearing rock, modifications in the 
arrangement of the machinery are made according to 
the character of the gold, — viz. : 

1st. If the gold is very fine and uniformly diffused 
through the rock, the machinery as arranged under the 
head of ‘‘Silver Mill ” can be employed to advantage 
for its treatment; except that it is advisable to em- 
ploy a greater number of concentrators and amalga- 
mators. The first series of these should be used imme- 
diately after the batteries, but simply as amalgamators. 
The whole mass should be treated. 

2d. If the gold in the rock is contained mostly in the 



GOLD HILL, 


77 


Bulphurets, the concent rat ora and amalgamator« should 
be employed immediately after the baiteries. The eon- 
ceutraU‘d portion.n of the rock hlu>uld be ground in the 
grHider^ and ainaigamators, worked in separators, and 
linally treated in another series of eoneeulrators. 

yd. if the gold is quite coarse and clean in the rook, 
it will not be advi'^a\)le to emph^y grimlers and amab 
gatualors, and b(‘parators. 

4th. li tiie gold is eoarse and coated it is advisablo 
to work the ruck by the “ coiiliinious process,'’ as it 'm 
termed. 

Modilications in machinery, as observed, must ncees* 
sarlly be made according to the eliara(‘ter of iho gold 
and the rock. 

Tin* weight of authority is, in wt't crushing, in favor 
of amalganiuting in the batt«*ry. care ia feeding 

the quicksilver into the battery must be observed. 

If too little quu'khilver be fe<i the amalgam will bo 
dry and granular, and will readily }>asft off in the stream 
of crushed ore. If too much quieksilver b(} fed, tho 
amalgam will be liquid, and will readily flow off in tho 
current. 

The q!ucksil\er should be fed in small quantiti<*H into 
the batteries, and fed ofltm. It had better be fed by being 
sprinkled through buckskin, or some otlier porous sub- 
stance. 

The rule to bo observed is, to so feed tho quicksilver 
that the amalgam passing tho screens may be indented 
by a gentle pressure of the Anger, and yet so firm as to 
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retail! the indentation. Coppcr<plate, silvered, ss some* 
times employed both inside and outside of the battery, 
but its use Hoeins not well warranted. Its highest claim 
as an amalgamator rests almost entirely on accident; 
but though it cannot be relied on as safe, it at least is 
harmless and cheap, and since the true principle is to 
“ catch ” gold at all points where it can be done profit- 
ably, copper-plate, as an auxiliary, may perhaps be 
employed sometimes wdth seeming advantage. 



KEDUCTION AND CONCENTRATION OF 
ORES-DRY WAY. 

The ore, broken to the sisse of hickory iiuta, nnusbo, 
or 80, is reduced by batteries (see Dry Mortar), rollers, 
or grinders. The grinding-plates are usually of iron, 
but sometimes of stone. 

To fit the ore for concentration it should be granu- 
lated — rather than pulverized. At the same time, in 
most cases, it lias to bo rendered quite fine to become 
detached from its vein-stone. 

Silver and Gold ores, for the most part, require finer 
reduction than do those of Lead, Zinc and Iron, To ao- 
complisli fine granulation, none of the machines spoken 
of are free from objections. Thus the liatteries tend 
to pulverize, so do the grinders ; while the faces of the 
rollers soon wear uneven and suffer portions of the ore 
to pass too coarse between them. On the whole, how- 
ever, for this class of work, rollers properly constructed, 
arranged and cared for, are perhaps the least objection- 
able. 

In further fitting the ore for concentration, it is to 
be thoroughly dried and sized. The drying is effected 
by the material being spread on heated plates, passed 
through or over heated cylinders, let fall through cur- 
renta of hot air, or otherwise exposed to the action of 
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heat. The sizing is accomplished by means of sieves or 
wire-cloth bolts of different degrees of fineness. These 
put in motion, the prepared ore is delivered into the 
sieve or bolt of finest mesh; thence its unscreened por- 
tions pass into the next coai'scr bolt, thence into the next 
coarser, and so on, through the series. The tailings are 
returned to the reduction works. 

Machines of various devices for concentration, or 
separating the heavier portions of ore from the lighter, 
have been employed — some involving the wxdl-known 
principle of winnoming — some that of projecting horizon- 
tally from an elevated position, tlio material to be sepa- 
rated, into the air, which acting as a resisting medium 
causes the ore to fiill from the point thrown at distances 
corresponding to tlie different specific gravities of its 
granules having the same size and form — the heavier 
being the more remote, — and others, that of sending 
pulls of air up tlirougli shallow layers of the granulated 
ore, causing its grains to become arranged vertically ac- 
cording to their respective specific gravities ; when by 
means of mechanical appliances their separation is com- 
pleted. So far as appears, the successful application of 
puffs of air to ore-dressing was first made by Mr. 
Thomas J. Chubb, of New York. The writer has op- 
erated the Chubb Concentrator on the ores of lead — 
galena, with highly satisfactory results, and is credibly 
informed that it has been worked on the ores of graphite, 
lilckle, cobalt, silver, gold, and iron with equally fiat- 
tering success. The intensity of the puffs of air is to 
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be regulated according to the fineness and specific grav* 
ity of the material under treatment, Tims the putt 
barely of suffieient strength for the coarser portions of 
the ore is fouml much too intense for the finer, which 
goes to prove the absolute necessity of careful sizing. 

The subsijquent treutinent of ores prepared in the dty 
way is the same as that of those reduced in the wet^ 
that is, they are ground, amalgamated and separated in 
the same manner — (see Pan process). As to the relative 
merits of the tw'o modes of reduction and concentration, 
it is to be stated that larger yields of the precious met- 
als may generally bo obtained from the sanu* ainotint of 
ore pre{>ared by the dn/ way than by the wrt Th(‘ ex- 
pense of labor and the destruction to life and machinery 
are however greater, so that the tcct^ as before observed, 
is almost universally adopted — at least on this continent. 



EXAMINATION OF MINERALS. 

The behavior of a mineral or metallic substance when 
subjected to certain tests, such as being heated in glass 
tubes, either closed or open, on charcoal, in the oxidizing 
flame, melted in glass fluxes on platinum wire, treated 
by acids and other reagents, determines its kind. When 
borax is employed, it should be vitrified. The vitrified 
borax is prepared by melting at a brown-red heat, in a 
clay or Hessian crucible, common borax into a clear 
transparent glass. It is preferable that the platinum 
wire should have a small eye or loup at its test-end. 
The spirit-lamp should be employed. To make the 
borax-test, heat the test-end of the platinum wire to red- 
ness, dip it into the powdered borax, then heat again, 
bring the borax globule in contact with the hot speci- 
men to be tested, and apply the flame till the specimen 
is dissolved. The color or other characteristics will show 
what kind of mineral is under examination. The spec- 
imen, if metallic, with scarce an exception, should be 
thoroughly roasted and its oxide subjected to the test. 

JBorm (biborate of soda). Before the blow-pipe (B B,) 
intumesces and fuses to borax-glass ; with fluor-spar and 
bi-sulphate of potash, colors the flame green ; soluble in 
water, the solution changes vegetable blues to green. 

JFkior-Spar (fluoride of calcium) B B, decrepitates and 
fuses to an enamel ; the flame continued, the specimefi 
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asAtimes a cauliflower appearance ; heated with «ialt of 
phosphorus in a glass tube, it etches or roughens the 
inside of the glass. 

I^Ure — B B, deflagrates vividly, detonates with com- 
bustible substances, dissolves readily in water ; not altered 
by exposure* 

moistened with sulphuric acid, and heatcjd, 
gives a green tinge to the flame. 

Chlorine — A substance containing chlorine, combined 
with the salt of phosphorus and oxide of copper, on tho 
platinum ivire, colors the flame deep blue. 

Quartz (silicic acid) undergoes no change alone ; with 
soda, readily fuses with cflervescence to a transparent 
glass. 

Sulphur heated in an open glass-tub<5 emits fumes of 
sulphurous acid ; heated with soda, the compound, moist- 
ened with water, blackens silver. 

Alumina (sesquioxide of aluminum) B B, unaltered, 
both alone and with soda, fuses wdth borax with great 
difiiculty, also with salt of phospliorus ; moistened with 
cobalt solution and brought to a high heat, becomes 
blue ; is not attacked by acuds. 

Antimony (oxide) B B, readily melts, evaporates in 
white inodorous fumes; colors the flame greenish-blue; 
with borax, in oxidizing flame, forms a yellow glass, 
which becomes colorless on cooling; in reducing flame 
the globule contracts, becoming gray and vitrious; 
with carbonate of soda, reduces to metal ; is very friable 
and brittle. 
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Arsenic (oxide) B B, volatilizes in white fumes of 
garlic odor; healed to redness, burns with a pale bluish 
flame. 

lilstnuth (oxide) B B, evaporates, leaving a yellow 
coating, on clmrcoal ; color, on wire, hot, is dark brown — 
cold, is yellow ; w'ith borax, is colorless ; with carbonate 
of soda, on charcoal, reduces to raetal. 

Lime (oxide of calcium) B B, infusible alone; with 
borax, efrervcsces ; w’ith comparatively large quantity of 
borax, forms a clear glass which becomes angular on 
cooling; in the flame of the oxyhydrogen blow-pipe 
emits a most dazzling wdiite light, and fuses at the edges. 

Copper (oxide) B B, in the oxidizing flame, fuses; in 
the reducing flame, forms metal ; with borax, in the oxidi- 
zing flame, colors the glass green ; in the reducing flame^ 
brown-rod. 

Cobalt (oxide) B B, unchangeable by itself ; wdth 
carbonate of soda, on charcoal, forms a gray magnetic 
powder ; with borax, both in oxidizing and reducing 
flame, gives a deop-blue bead. 

Tin (oxide) B B, in the oxidizing flame, presents a 
dirty-yellow color ; with carbonate of soda, in reducing 
flame, on charcoal, reduces to metal ; wdth borax, forms a 
clear glass. 

Lead (oxide) B B, in oxidizing flame turns first blue, 
then fuses to a glass of orange color ; with carbonate of 
soda, on charcoal, in the reducing fiame, reduces to metal ; 
with borax, forms glass yellow w^hile hot, colorless when 
cold. 
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Nickk (oxide) B B, infusible ulone; in the oxidiz/iug 
flame, with borax, forms an orange-red globule which bo* 
comes nearly colorless on cooling ; in the reducing flame, 
on charcoal, the bead becomes gray; in the reducing 
flame, with soda, on charcoal, reduces to a magnetic 
powder. 

Zinc (oxidt‘) B B, in the oxidi/ang flame, exhihits a 
wdiitish -green color ; while hot, this oxide is slightly yel- 
low — when cold, is white ; with borax, forms glass which 
in an interraiUent flame hecoraes milky ; in the reducing 
flame, on charcoal, reduces to metal, which r<‘adily sub- 
limes. 

Irm (pre-oxide) B B, in tbe oxidizing flame, is un- 
changed ; in the reducing flame, hlaekens and be<‘omeH 
magnetic; with borax, in the oxidizing flame, forms glass 
bright-red while hot, j>ale dirty-red when cold ; in the 
reducing flame, forms glass varying from bottl<;*green to 
black-green ; witli carbonate of soda, on charcoal, redu- 
ces to metal as a dark magnetic powder. 

Manganese (oxi<le) infusible alone, becom(‘B brown by 
heat; with borax, in the oxidizing flame, much oxide 
employed, the glass is black ; little oxi<le employed, tbe 
glass is of an amethyst color — in the reducing flame, and 
on charcoal, this latter globule beijomes colorless and «o 
remains if quickly cooled ; with soda, in the oxidizing 
flame and on platinum foil, forms an opa<|ue green glass. 

Silver (oxide) B B, with borax, in oxidizing flame, 
forms a white opaque glass ; in reducing flame, with car- 
bonate of soda, readily reduces to metal 
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Gold (metal) B B, with carbonate of soda, in the re* 
ducing flame, readily fuses ; the most appropriate test is 
by cupellation. 

Tellurium (oxide) B B, colors the flame green, fuses 
and sublimes ; with borax, in the oxidizing flame, forms 
a colorless glass ; in the reducing flame^ the glass be- 
comes gray ; its behavior with carbonate of soda is 
similar as with borax ; on charcoal, readily reduces to 
metal. 

Soda (oxide of sodium) B B, colors the flame deep- 
yellow. 



BEHAVIOR OF SOLUTIONS OF METALLIC 
OXIDES WITH REAGENTS. 


ZINC (oxiPE). 

jRotassa and Ammonia^ in neutral solutions, give white 
gelatinous precipitate, readily soluble in an €*xoe88 of the 
precipitanta. 

Oxalic Acid occasions precipitates which are soluble in 
acids and in fixed alkalies. 

Ferrocyanldii of Potassium produces a white gelatin* 
OU8 precipitate, insoluble in hydrochloric acid. 


COBALT (oxiDK). 

Potassa produces a blue precipitate, insoluble in an 
excess of the precipitant, but soluble in carbonate of 
ammonia ; the jjrecipitate becomes green by exposure to 
the air, and dingy-red when boiled. 

Alkaline Carbonates produce a red precipitate, which 
upon being boiled becomes blue. 

Ferrocyanide of Potassium gives a green precipitate 
which gradually turns gray. 

Cyanide of Potassium precipitates cyanide of cobalt 
as a brownish-w'hiie precipitate from acid solutions, sol- 
uble in excess of the precipitant, and not again precipita* 
ted by acids. 
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IRON (protoxide). 

Potassa and Ammonia produce a floculent precipitate 
of hydrated protoxide of iron which at first is nearly 
white, but which readily becomes colored by exposure to 
the air. 

Alkaline Carbonates produce a white carbonate, grad- 
ually becoming colored, though not so readily as the 
oxide. It is soluble in sal-ammoniac, but a colored pre- 
cipitate makes its appearance by exposure to the air. 

Fhrrocyanide of Potassium produces a white precipi- 
tate if the air be excluded ; but by exposure to air, or 
by contact with nitric acid or chlorine, it forms Prussian- 
blue. 

Phosphate of Soda produces a white precipitate, which 
after a time becomes green. 

IRON (SESQITIOXIDK). 

Potassa and Ammonia produce a voluminous reddish- 
brown hydrate, insoluble in excess. The precipitation is 
prevented by the presence of organic acids, sugar, etc. 

Alkaline Carbonates throw down precipitates of rather 
a lighter color. 

Sulphooyanide of Potassium changes the color of 
neutral or acid solutions to a deep blood-red color, owing 
to the formation of a soluble sulphocyanide of iron. 
This ivS the most unerring test, as it will detect the slight- 
est trace of iron, even in the most dilute solution. 

Phosphate of Soda produces a white precipitate, which 
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becomes brown, ami finally dissolves on the addition of 
ammonia. 


MANGANESE (oxide). 

JTerrocyanide of Pota.<tsimi produces a pale- red pre- 
cipitate, soluble in free acids. 

JFerrioyanuh of Potassium gives a brown precipitate, 
insoluble in free acids. 

Pho.y>hate of Soda produces a white precipitate, per- 
sistent in the air. 


LEAD (OXIDE). 

Potnsm and Ammo7iia produce white precipitates, 
soluble in a groat exc<*.s8 of potassa, but insoluble in 
ammonia. 

Alkaline Carhonaits produce white precipitates, solu- 
ble in })Otassa. 

Phosiphate of Soda occasions a white precipitate, solu- 
ble bj potassa. 

Oxalic Acid produces in neutral solutions a white pre- 
cipitate. 

IlydrocJdoric Acid and Sohdde Chlorides pro<luce a 
heavy wlnte precipitate, soluble in boiling water, out of 
which it separates, on cooling, in brilliant crystals. Tliis 
precipitate is soluble in potassa. 

Sulpfnm’ic Acid and SoUthle Sulphates produce a white 
precipitate, sparingly soluble in dilute acids, but soluble 
in solution of potassa, and assuming a black color when 
moistened with hydrosulpburetof ammonia. 
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SILVER (OXIDE). 

Potassa and Ammonia produce a light-brown precipi* 
tate, readily soluble in ammonia ; ammoniacal salts pre- 
vent precipitation by potaasa. 

Carbonated Alkalies produce a white precipitate, sol- 
uble in carbonate of ammonia. 

Phosphate of Soda produces, in neutral solutions, a 
yellow precipitate, soluble in ammonia. Solution of ig- 
nited phosjdiate of soda gives a white precipitate. 

Protosnlphate of Iron produces a white precipitate, 
consisting of metallic silver. 

IhjdroMoric Acid and the Soluble Chlorides produce 
a white curdy precipitate, even in excef<lingly dilute 
solutions. This precipitate becomes violet, and finally 
black, without, how'cver, suffering decomposition by ex- 
posure to light. It is insoluble in diluted acids, but 
readily soluble in ammonia. When heated it fuses, with- 
out decomposition, into a horny mass. 

A Par of Metallic Zinc precipitates silver from iU 
solution, in the metallic state. 

MERCURY (OXIDE). 

Potmsa produces a yellow precipitate, insoluble in 
excess. If an insufficient quantity of llie alkali be 
added, the precipitate is reddish brown. The presence 
of ammoniacal salts gives a white precipitate. 

Carbonate of Ammonia produces a white precipitate. 

Phosphate of Soda produces a white precipitate. 



BEHAVlOK or SOLUTIONS, 9| 

.FhrrocifamiU of Potassium produces a white precip 
itate, which eventually becomes blue, owing to the 
formation of Prussian blue. 

JFerric^anide of Potassium ])ro(1uces, in solutions of 
nitrate and sulphate, a yellow precipitate; in solutions 
of the chloride, rione. 

Iodide of Potassium produces a cinnabar red precip* 
itate, soluble in excess. It crystallizes out of a hot 
solution in magnificent crimson spangles. 

BISMUTH (oxioK). 

Potassa and Ammo?iia produce a white precipitalo, 
insoluble in excess. 

All^alim Carbonotcs and Phosphate of Soda produce 
vrhite precipitates. 

P^^rrocyanld^ of Potmsiam occasions a white precip- 
itate, insoluble in hydrochloric acid. 

Perricyanide of Potassium produces a light-yellow 
precipitate, soluble in hydrochloric acid. 

Iodide of Potassium produces a brown precipitate, 
readily soluble in excess. 

COPPER (oxiDK). 

Potassa produces a voluminous blue precipitate, which, 
by boiling, loses water and becomes black. 

Ammmiiay added in small quantities, produces a green 
basic salt, ivhich dissolves in excess, forming a fine blue 
iolatitm. In this solution potassa produces in the cold, 
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after a time, a blue precipitate, which, by boiling, be- 
oomes blacL 

Carbonate of Potoeea produces a greenish-blue pre- 
cipitate of basic carbonate of copper, which, by boiling, 
is converted into black oxide. 

Fhoephate of Soda produces a greenish-white precip- 
itate, soluble in ammonia, forming a blue solution. 

Perrocyanide of Potassium produces, even in very 
dilute solutions, a chocolate brown precipitate, insoluble 
in dilute acids, but decomposed by potassa. This is a 
very delicate test, 

Perrleyanide of Potassium produces a yellowish-green 
precipitate, insoluble in dilute acids, 

Cynanide of Potassium produces a yellowish-green 
cyanide, soluble in excess of cyanide of potassium. 

Metallic Iron^ wlien introduced into solutions of oxide 
of copper, becomes covered with a deposit of reduced 
copper. 

ANTIMONY (oxiDK). 

Potassa and Ammonia produce a white precipitate, 
partially soluble in excess of the reagent. 

AlkaUnc Carbonates and Phosphate of Soda behave 
in a similar manner. 

Metallic Zinc throw’s down metallic antimony as a 
black pow’der; if nitric acid be present the sesquioxide i» 
precipitated at the same time. 

TIN (oxide). 

Patassdj Ammonia and their carbonates produce a 
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white precipitate, soluble in potassa but not in ammonia ; 
by repose, and more rapi<lly when boiled, the solution is 
decomposed — metallic tin^ ]K?roxitk‘ of tin and potassa 
being funnod. 

Fhmphate of Soda produces a white precipitate. 

Fhrroct/anide of Potasalum gives a white gclatinoua 
precipitate. 

Rrrwyanidc of Pota.^slum occasions a white precipi- 
tate, soluble in bydrocliloric acid. 

A Bar of Mefaliic Zinc precipitates tin in small gray- 
ish- wdiite metallic sjtangles. 

ChlorUU (f Gold protiuccs a purple pri*ci])itatc, a mix- 
ture probaldy of peroxide of tin ami m<*tallic gohl (pur- 
ple of C/iissius), insoluble in bydrocliloric acid. 


PLATINUM (PEUoxior.). 

Pota&m produces a yellow* crystalline j)rccipilatc, con- 
sisting of the double chloride of platinum and poinssium; 
the addition of hydrochloric acid favors its formation;’ 
it is insoluble in acids, but dissolves with the aid of heat 
in potassa; it is very slightly soluble in water, and insol- 
uble in strong alcohol. 

Subnitrate of Mercury produces a yelhnvish-rcd pre- 
cipitate. 

Chloride of Tin^ in pre.sence of free hydrochloric acid, 
communicates to solutions of bi-chloride of platinum a 
deep red-brown color, without producing any precipitate, 

Ptatmwn soluble in aqua-regia. 
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GOLD (PEROXIDK). 

PotasHd (ill heated solutiensi), after a time produces an 
inconsiderable reddish-brown precipitate, consisting of 
l(*roxide of gold mixed with tereldoride of gold and 
potassa. 

Aifiuionia produces a yellow precipitate (aiirate of 
ammonia or fulminating gold). 

lArrorf/anide of PotassiuoL communicates to solution 
of gold an tunerald-green color. 

Protoiodjtkute if Iron pro<Uiees in concentrated solu- 
tions an iiumediate dark-brown precipitate of metallic 
gold. In dilute solutions a blue coloring is lirst per- 
ceived, followed by a browu-colorcd precipitate. 

0,t*(d(C Aoid jiroduces a precipitate of metallic gold. 

Protochlorlile of 77/?, to which a drop of nitric acid has 
been added, comuuinicates a reddish purjde color to very 
dilute solutions; in coiiccntraled solutions a red-purple 
precipitate (purple of Cassiu^) is formed. 

/ A liar of Afitallic Zinc preci|,»itates metallic gold in 
fthe form of a brown coaling. 

! Gold is soluble in aqua-regia. 

TELLUKOUS ACID, 

The eauslic alkalies and their carbonates produce a 
wliite precipitate, soluble readily in potassa, and fioluble 
in alkaline carbonates. 

Sidpkurom AlkaUne Sulphites^ mid MttaUit 

Zinc^ produce a black precipitate of inetallic tclhiriuru. 
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Protovhh>rid€ of Tin and Prot(ffiuIphati' of Iron pro- 
duce a black powder, which, on In-ing nibbctJ, ii!>sumc8 a 
metallic lustre, 

2\lluriuin is soluble in nitric acirl, 

BLAClv FLUX. 

JUack h prepared by introducing gradually in 

small quauTiticH into a crucible healed to a very dull 
redness, a mi.vlure of either two parts of eream of tartar 
and one of nitre, or e<pial parts of erearn of tartar and 
nitre. 


WHITE FLi:X. 

Tf7<#Vc Mffx is similarly ju'epared to Blaek Flux, except 
that the mixture consists of one part of cream of turtai 
and two parts of nitre. 



BLOW-PIPE. 


The Blow-pipe in an instrument used for directing, by 
a current ofair, tlie dame of a lamp or candle upon a 
mi?u‘ral suUstauce to fuse or oxidize it. Tlie dame con- 
sists o.ssentially of two parts — the “oxidizing’^ and “re* 
ducing.’^ 1st, The “oxidizing” part is tiie outer anti 
slightly iuniiiious dame ; 2<1. The “reducing” part, winch 
is hottest, is the inner blue dame. 

The “ reagetits” mostly used in making blow-pipe tests 
are eiiareoal, eai bonate of se»da, cyanide of |>otassium, and 
V>orax, Bltu’k b^iux and White Flux arc much employed 
in a'isaying. 

Caution . — Cyanide of potassium is a very dangerous 
dux. Its (‘ompound wttli a “nitrate” or “chlorate” 
Vxplodes with great violence*. 

Charcoal performs the part of a cupel as as that 
of a reagent. The best charcoal is in.ade of young soft 
wood. 

The “ cupel,” or “support,” cousLUs of a n ) piece of 
coal, sawed or broken Icngt hwist?, luiving a cavity 

made in its plane side near the edge, to h- dd tlie sub- 
stance to \>e tested. The boiax is prepared by being 
melted or vitrified, and pulverized, 

A.—Mlt»o~pipe Amtyt of Sillier Ores containirig Sul- 
phur and Araenic: 

1st* liojist ibo pulverized oi*o within a shallow osvity 
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on the coal support. To do this, direct by the blovV- 
pipe the oxidizing flame, that is the extreme point of tlie 
outer flame, upon tlie powdered ore; turn the specimen 
oeeasioiially so as to expose all of its parts to oxidation. 
Let the blast at first be gentle, then increased and con- 
tinued till the sulphurous odors cease. 

2d. I'ulverize the roasted ore, and put it upon tho 
cliarcoal within a prepared cavity ; cover it over with 
carbonate of soda, and direct upon it the reducing flame, 
that is, tlie inner blue flame ; let the blast at first be 
gentle, and chiefly crnpIoy<‘d in fusing and bringing 
together all parts of the flux, then increase the blast, 
shaking the suj»])(>rt or coal, so as to gatlun* the metal in 
one globule, which cool and extract from the slag. 

3d. (hipcl the Imtton thus obtaiiMMl, adding to it three 
parts of lead in a bomrash cupel. To do this, einjdoy 
the oxidizing flame by using a very gentle blast. Cool, 
weigh the button, and compare its weight with that of 
the original ore. 

JI. — Place within the eavif^y on the charcoal, a mixture 
of; 

Powdered ore, (not necessarily n»a.sled) 1 part 

Borax-glass (pulverized) 1 part 

Lead : (Litharge preferable? when earthy sub- 
stances are j>resenl ; and then it is also 
advisable to make an addition of carbon- 
ate of potash and glass) 3 parts 

and direct upon it the reducing flame till all the metal in 
5 
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gather 4 *d into one button. Let the blast at first be gen- 
tle and chiefly directed upon the borax, then increased 
and (M>?nimied till the object i« attained. Extract and 
cupel the button as in example A, 

C\ — JJloir/n'pc Afinap of Horn Silver, Place within the 
cavity^ on the charcoal^ a mixture of: 


Horn Silver (chloride of Silver) 1 part 

Carbonate of soda (in excess) 3 parts 


and reduce in the inner blue flame to a button, etc. 



ASSAY. 

Assays are throe ktmU — Meehan leal^ l/n/, and Jltwiid. 

MEC'IIANK’AL ASSAYrS. 

Moolianicul Assji\\s consist in washing, or olherwiso 
freeing, without the aid of chemical ngenis, the metalHo 
Kubstanecs from sand and other inn>uritios, ** Panning 
out,” or se]varating tlic gangue (earthy mailer) from tho 
metallic substances by washing in (M>nimon mining pans, 
also winnowing, as ]naetic(-d <m rich <iry sands :u*« 
familiar e.vamplcs of ineclianicai assays arul retpiire no 
explanations — the former of which often furnishes safer 
and more practical dxita for extensive operations, especi* 
ally in gold mining, than either the dry or humid w^ay. 

DllY WAY OF ASSAY. 

The dry” wa}" a>saying usually requires the ad- 
dition of fluxes to Uie <»rt‘S to facilitate their reduction, 
and separate the metals so reduc.<*d from llie gangues. 

Assay of Galenn^ or Ores <»f I^ud eoittaininy Sul- 
phur, — Introduce into an earthen crucible in tin* fol- 


lowing order: 

Fowalered Ore 10 parts 

Iron in strips or jflates 1 to a parts 

Black Flux fiO parts 
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upon the black flux a thick layer of salt, and on 
this a piece of charcoal. Put an earthen cover on the 
crucible, and fuse its contents, letting the temperature, 
at first low, be gradually increased to bright red, and 
continued at this degree about half an hour. Gently 
rap the crucible, to settle all the metallic particles ; then 
cool the assay, and extract the button of lead. 

Assay of Oxidized Ores of Lead , — Introduce into an 
earthen crucible : 

Powdered Ore 10 parts 

Carbonate of Soda 30 to 40 parts 

Pulverized Charcoal 3 parts 

Iron, in stri])s or plates, in case any sulphur 

may by present 1 part 

C(n*t*r with salt, etc., and conduct the assay as in the 
preceding case. 

Assay <f Jam , — Fuse in a covered crucible about one 


hour, a well trituraled mixture of: 

3 \>wdered and Roasted Ore. 2 parts 

Fluor-Spar 1 part 

Charcoal 1 part 

Common Salt, < 7 . (for covering) 4 parts 


Extract and weigh the button of cast iron thus ob- 
tained. Various other fluxes, as lime, clay, etc., may 
be employed. The natuiv* of the ore and its gangues 
determine the kind and proportion of fluxes to be em* 
ployed. 

Assay of CopjMr Ores^ contuhtiny no other met/ils 
besides Iron and CopfHr , — Heat gradually at first, in m 
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Isarihen crucible, and afterwards increase the heat to 
bright red, which continue fifteen minutes: 


Powdered Ore. * 1 part 

Black Flux * 3 parts 


Extract from the hlag, and weigh the button of copper 
thus obtained, 

Assat/ of Copper Orcsi^ oontainuif/ btU other- 

wise similar to the above. — Fuse in an earllieu crucible, 
at a dull red heat, equal j)arts of the powtlered ore and 
dried borax, extract from the slag tho matte (crude cop* 
per) button, which pulverize; roast slowly in an earthen 
crucible, and stir in the incaiilime with a steel rod till 
sulphurous acid c<*ase» to be evolved; then increase the 
temperature to a white heat, w'liich conthme for several 
minutes; next, mix in the same crucible: — 

Roasted matte 1 part 

Black Flux, from 3 to 4 parts 

Cover the mixture with a layer of fused borax, and subject 
it ton cherry heat for twenty niinutos in a wind furnace; 
then extract and w'«dgh the button of copper. 

Assai/ nf Copper OreiS contain hit} Arsenic and tmrioas 
other metaU. — Obtain ainl pulverize the matte as in the ^ 
preceding case, then roast wdth it powdered charcoal till 
the garlic odors of arsenic cease to be exhaled. Iteduco 
the matte thus obtained as in the last case with black 
fiux and borax. Cuj)el the button in a bone-ash cupel, 
with pure lead. Throw a little borax-glass over the 
globule when its rotation ceases and brightening occurs; 
cool, and w eigh the button of copper. 
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Aana^j of Gold or Silmr or Gold or Silver Ores , — ^Fuse 
in an earlln/n crucible ; 


l^owdercd Ore. 4 parts 

Litharge 4 parts 

Black Flux ... 3 parts 


If the ores contain much oxhle of lead, add only black 
ilux. If the ores are very rich in pyrites, add litharge 
and nitre. If the button obtained be an alloy, for in- 
stance, of gold, silver, copper and lead, make additions 
to it of silver and lead, so that the prepared alloy shall 
contain as near as may be of — 

(fold ,1 part 

Silver 3 parts 

Lead, from 12 to 16 parts 

First fuse the lead in a bone-ash cupel, within a muffle; 
then add the gold and silver inclosed in a piece of paper, 
and continue the heat till the button brightens and 
becomes traiupiil ; cool, and weigh tin* button. To s(?pa- 
rato the gold from the silver, called “ parting of gold,’* 
anneal, beat the button into a thin plate, make it into a 
roll, which is termed a “comet.” First heat tins plate or 
cornet in dilute nitric acid as long as the acid acts upon 
it, tlien in concentrated nitric acid till all of the silver is 
dissolved. Thoroughly wash, dry and ignite the cornet. 
The weight of silver is equal to the weight of the button 
before parting, less that of the refined cornet. 

Kkmark. — Chloride of silver (born silver) cannot be 
decomposed by heat alone. It fuses at a temperature 
of 500® F. At a temperature of ebullition it is deeom* 



ASSAY. 


103 


posed by caustic potassa and soda, and if a little cano 
sugar be ad<lod, the silver will bo rediieod to the inotallic 
state. It is also reduced to tht? metallic state wLcii fused 
with the alkalina and earthy carbonates, TJuis one part 
of the chloride of silver fused with two parts of carbo* 
nale of soda is rciluced ; also one part of ilie chloride of 
silver with two [uirts of chalk and two parts of ehiin’oal 
reduct*s to the motalHc state. Chloritlo of silver cannot 
be decomposed by charcoal unless water b(j present ; in 
wdiieh <‘ase hydrochloric a<*id ami carbonic oxide are 
formed, and the silver liberated. t^»pper, (in ainl had 
reduce chloride of silver in the dry way. IMcaamry par- 
tially decomposes it, formitig an amalgam of silver, 'i'he 
chloride of silver, in a state of fusion, is very <li‘Stnictivo 
to earthen crucibles, scarcidy ies.H ho tlian litliarge. 


HUM ID WAY OF ASSAY. 

Amiy of Galena, — 1st. Digest the powdered ore in 
equal parts of nitric a(‘id and pure waUu*. — Filler ainl 
digest the residuum several hours with a strong solution 
of carbonate of soda, — Jtd. Filler and dig(!st the second 
residuum in dilute nitric aci<l, and again filter — ith. 
Add either a solution of the sulpliate of so<l?i or sul- 
phuric acid to tlie collected filtrates, as long as any pre- 
cipitate takes place. — 5tb. Filter, tlien wash and dry the 
residuum. — 6th. Keduoe the residuum with powdered 
charcoal in an earthen crucible; cool, and weigh the but^ 
ton* 
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Atfsan/ of Copper OrcB, — 1st. Digest the powdered ore 
in dilute iiitro-rnuriatic acid. — 2d. Filter the solution, — 
3d, Add aninionia in excess to the filtrate. — llli. Filter 
and wash residuum in ammonia. — 6th. Evaporate the 
filtrate to dryness. — 0th. Dissolve the dried filtrate in 
muriatic acid. — 7th. Add clean iron or zinc plates to the 
Bolution much diluted. — 8th. Wash dry, and weigh the 
cop[>er preci pitate. 

77ie kSmtlish MethoiL — 1st. Digest the thoroughly 
roastCMl an<l powdered ore in concentrated muriatic acid, 
Blir well, and evajK)rate nearly to dryness. — 2d. Add, 
slowly, strong suljiliuiic acid till the odor of hydro- 
chloric acid is no longer perceived ; then heat till the 
vapors of sulphuric acid begin to develop. — 3d. Dilute 
with distilled water, and keep the assay warm for some 
time. — 4i]i. Filter arnl wash the residuum in warm water. 
— 5th. Ad<l and retain in tlu* solution clean zinc plate 
tiU iH> reddi'^U tinge be given to a clean plate of iron dip- 
ped into tlie assay. — Utli. Wash thoroughly the precipi- 
tate, dry at a Kunperature of 212'^, .and weigh the metal, 
—7th, In case the precipitate be found partially oxidized, 
cxnnplete the oxidation by heating the assay in an open 
dish, and weigh the oxide of copper; thus — 100 ; 70.8 : : 
w^cight of oxide : weight of copper, 

Auo\f of Ora. — 1st. Digest the pulverized ore 

in nitric acid. — 2d. Add muriatic acid or solution of 
common salt to the silver solution as long as any pre- 
cipitate takes place. — 3d. Filter and dry the residuum.-— 
4th, Reduce the dry residuum w'ith carbonate of soda. 
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in an earthen crucible ; then cool, and weigh the button 
of Bilver. — Chloride of Silver^ called, as found native, 
“horn-silver,” is c?oiii|>letely iusolui)Ie in nitric acid, also 
ill water. — Ammonia ^ boiling solulions of the clilorides 
of potassium, sodium, barium, strontium and calcium, also 
cyanide of potassium, in solution, dissolve the chloride of 
silver. Concentrated sulphuric acid slowly decomposes 
it. Iron and zinc at the ordinary temperature discom- 
pose it, especially in presence of free muriatic acid. — i>w- 
mide of 8 Umr in almost every respect resembles chlo- 
ride of silver; it is, howev'er, less soluble in ammonia. — 
JTodide of 8ilvcr^ found also native, is readily converted 
into cldoride of silver by muriatit? mud. 

Assay of Gold Digest the pulverized orca 

in one part of nitric and four parts of hydrochloric a(?id. 
— 2d. Dilute, fdter ami evaporate the filtrate almost to 
dryness, to expel e.xcess of acid. — fJd. Dilute the dried 
fdtratc in pure water; then boil tiie solution with a solu- 
tion of sulphate, of iron, which }»recipitates the gohi as a 
dark purple powder. — 4th. Filter and heat the reKiduum 
with hydrochloric acid. — 5th. FiU»‘r, wash, dry and weigh 
the gold powder. Oxalic acid, substituted for the sulphate 
of iron, precipitates the gold in large flakes. 


ASSAY Oil ANALYSIS OF IRON ORES CON- 
TAINING MANGANESE. 

Ist. Digest the roasted and pulverized ore in diluto 
hydrochloric acid. — 2d. Filter, wash residuum, and add 
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wasbitigs to the filtrate. — 3d. Add miinate of baryte# 
until no farther precipitation takes place. — 4th. Filter, 
'wash, and add washings to the filtrate. — 5th. Evaporate 
the filtrate nearly to dryness, and to it add sufticieat nitric 
acid to transform the gulphato of iron to peroxide. — 6lh. 
Add solution of caustic ammonia in excess to the solu- 
tion. — Tth. Filter and reduce the iron to the magnetic 
state by heating the residuum with resin in an iron cm- 
cihle ; then cool and weigh, — 8th, Precipitate the oxide 
of manganese from the filtrate, by expelling the excess 
of ammonia by heat, — When the ores contain much al- 
umina or silex, flux them with three or four times their 
weight of caustic jmtash, then digest in hydrochloric 
acitl, and ju-occcd as above. 


ASSAY OH ANALYSIS OF ORES CONTAINING 
GOLD, SILVER, COPPER, LEAD, IRON 
AND SULPHUR. 

1st. Digest well the pnlvorizod ore in nitric acid, — 
i2d. Filter, wa h rcsiiiuum (1), and add washings to fil- 
trate (1), — 3d. Add to filtrate (1) hydrochloric acid or 
BoUilion of common salt, 'which precipitates the sliver as 
a chloride. — 4tb, Kilter, and digest residuum (2) in 
hydrochloric acid.^ — 5ih. Filter, wash residuum (3) in 
W'arm water, and to filtrate (3) with the wasbirigs add 
filtrate (2). — Oth. Reduce tlje chloride of silver with car- 
l>onate of soda by fusion, and weigh the button of sib 
Ter.-— 7th. Add to filtrate (3), sulphate of soda in solu- 
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tion, which precipitates the lead as a sulphate. — 8th. Filter 
and add tliu residuum to residuum (1). — 0th. Evaporate 
filtrate (4) to any desirable extent. — lOih, Add, in excess, 
to concentrated filtrate (4) ammonia, whieii preci])itJites 
Bosquioxide ol' iron. — 11th. Filter, wasli residuum, and 
add washings to filtrate (o). — 12th. Dry and tho 
residuum in liytlr«\geu gas within a glass tiil»e as b)ng as 
any vapor of water is disengaged, then weigh the iron. 
This powder, with glass as a flux at a liigh heat, becomes 
a button of iron. — 13th. Treat filtrate (5), after eva}>o- 
rating it to <lryness with liydrochlonc acid, tlnm rnld 
clean iron or zinc plates to the Holutioti diluted. Wash, 
dry, and weigh the eopper precipitate. — lith. Treat n*»- 
iduurn (1) first with a strong solution of ear})onate of 
Boda, llieu with dilute nitric acid ; ami to the cornhined 
filtrates ad<l stilphuric acid, or a soluiion of the Hulphate 
of soda. Wash, dry, and redutje the precipitate with 
powdered charcoal in an earthen crucible ; then cool 
and weigh the button of leatl. — 15lh. Digest the last 
residuum in nitro muriatic acid ; a<ld cldoridc t>f sodium 
in solution, filtrate, precipitate the gold frotn its solution 
by the addition of sulphate of iron in solntion ; wash, 
dry, and weigh the gold. — IGth, If the gold may be al- 
loyed with silver atid copper, precipitate the <fopp<fr from 
the last filtrate by tlui addition of iron or zinc plates; 
wash, dry, and add llie weight of the precipitate to tho 
copper already obtained. Heat tho residuary ore in a 
Btrong solution of chloride of sodium, filter and j^rccij:)- 
iUte the silver with a clean copper plate ; wash, ignite 
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and add the silver to that already obtained. — IVth. 
Burn off* the sulphur and weigh residuary ore. The sum 
of the weights of tl»e gold, silver, copper, lead, iron and 
calcined ore taken from the nreight of the original ore 
leaves the weight of the sulphur. 



ROASTING, 


Roasting is cniployecl to dissipate the volatile parts of 
the ore by iieat, and is idfecled in 7/eG/K*r or in 


HEAPS. 

Alternate layers of fuel and ore, usually as it comes 
from the mine, are heaped up to the depth of several 
feet. The lowest or ground layer is of wood, arranged 
by cross piling so as to afford a free eiroulation of' air. 
The upper layers may be of wood or coal. I'he ratio of 
fuel in volume to that of ore varies from 1 to 0, to 1 to 18. 

Fine ores, and those rich in sulphur, re'iuirc less fuel 
than coarse ores and those poor in sulphur. Tlus fire in 
kindled through vertical openings or chimneys, which 
extend to the ground layer. Tiiese openings are trlos^'fl 
when the fuel has well taken fire. The roasiing siiould 
be slow and uniform in all parts of the lieap. The heat 
may be regulated by opening or closing the draft-holes 
and chimneys. Several days, and even months, Home- 
times are required for roasting one heap. Oi es similarly 
piled with fuel are sometimc.s roasted in w'alled inclosures 
provided with side opefiings. 

FLTIXACKS. 

Furnaces are in great variety. Those mostly approved 
fot tbe roasting of ores, embracing also calcining and 
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cliloriilizing, are the reverberatory. The interior walb 
of the furnace should bo of the best fire brick, laid edge- 
wise; the outer walls may be of common building brick 
or stone. The furnace must be w'ell tied with iron rods, 
and carefully dried Ix^fore being used, 

Meverheratory Famace, — ^The Reverberatory Furnace 
i8 constructed sometimes with one and sometimes with 
two hearths or soles, one above the other. In the 
‘‘double-hearth” furnace, in the treatment of silver ores, 
the “roasting” and “ sulphatization ” are effected on the 
upper sole, and the “calcining” and “ chlorodizing ” on 
the lower. The ore pulverized fine is charged upon the 
upper sole to the depth of two to four inches, and is kept 
well stirred during the “ roasting.” The heat should bo 
at a low temperature, not exceeding l>rown or dull red. 
The access of air slionld be free. A small jet of steam 
let into the furnace assists in regnlaling the temperature, 
aad also facilitates «>xidiati«Mi. Tlie ad«lition of powdered 
charcoal in small (puuitities may be made to advantage 
when tile ores contain arsenic. If the ores are poor in 
sulphur, add from two to three per cent, of the siilphate of 
iron. The first oj>eration of “ roasting " and “ siilphatiz- 
ing” is accomplished in four or five hours. Then, through 
an opening in the upper heai*th, the ore is let fall upon 
the lower, where it is Iicatcd for ^ome time at a temjwm- 
tnre not much higlier than that mentioned above. The 
heat is then gradualiy increased to cherry-red, at which 
it is kept during the time reqiiiiXHl for “calcining” and 
“ ohlofidizing,” The heat should never exceed bright 
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red. Tlie ore is frequently stirred. When calcination is 
complete, a mixture of common salt, melted and pulver- 
ized, and seven parts of cold calcined ore are added to the 
hot ore, estimated at fifteen parts, and quickly and thor- 
oughly mixed with it by stirring. Calcination is usually 
cfiected in four or five hours, and chlorination in fifteen 
or twenty minutes. 



SMELTIJ^G, 


Smelting is a process by which ores are reduced tc 
the metallic state* It is performed in furnaces of which 
there are several kinds* The “ Backwoods hearth,” or 
“ low ” furnace, without artificial draught, also the 
“ Scotch and American hearths,” or “ low-blast ” furnaces, 
are employed on some ores, especially those rich in ga- 
lena. The furnaces mostly approved for smelting pur- 
poses are the “Cupola” and the “Reverberatory,” al- 
ready mentioned under the head of “ roasting.” Each of 
these is subject to various modifications in size and form 
to meet the requirements of the nature of the ore, and of 
local caus4*s. 

The Cujiola, or “high-blast” furnace, has a vertical 
opening of greater height than breadth. Tins opening or 
cl\imneydike shaft in a furnace of medium size is about 
fifteen f<‘et high, and has an area through its greatest 
horizontal section of nearly twelv'e square feet: this 
section is usually rectangular. However, in tlie Castil- 
ian furnace it is circular, and in the MacKenzie patent 
furnace, very favorably known among practical furnace- 
men, it is quite eliptical. The blast, or a strong current 
of air, is forced into the lower part of the shaft through 
one or more tongues. The feed-opening is several feet 
above the bottom. Tlie ore fed into the “Cupola” fur^ 
naee with the fuel is in contact wdth it, and subject to 
the direct action of combustion. Tim flames, as they 
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rt»e, impart mucli of their heat to the ore, arranged in 
layers one above the other, and finally pass off at a tern* 
peratiire far below tluit of the flames from the “ Hever- 
beratory.” Tiie “ Cupola,” compared with the ‘Mlever* 
beratory,” as to first cost, expemse for fuel, tnauipuhuing 
and repairs is the more economical ; but as to resulu, 
especially in the treatment of rich ores containing litila 
or no quartz, the ** lieverberatory ” has the preference. 

In smelling operations, as heat alone is frequently in* 
suflicient to induce the iieiressary chemical changes, fluxes 
are emidoyed. These are substances having an uflinity 
for some jiorlion of the material under treatment, and 
either efTec-t its volatilization or form with it a fusiblo 
compound or slag. This slag, lighter than the metal, is 
often separated from it, either by being drawn olf from 
the surface, or suffered to remain until the metal is drawn 
from underneath. The flux to be employed depends 
upon h>cal causes and upon the nature of the ores and 
gangucs to bo o[>erated on. ^ 

Quartz, constituting the gangne of the ore, carhonqte 
of soda, lime, and the oxides of the base metals may 
employed as fluxes. The gangue, consisting of the differ 
ent earths and tJie oxide.s of base metals, carbonate of 
eoda, litharge, and quartz may be used. The ores con* 
taining much sulphide may have as fluxes, carbonate of 
aoda, lime, metallic iron and litharge. Granulated lead, 
lead ore and litharge may be regarded fluxes for gold and 
atlver. The fluxes of most general use are carbonate of 
todjky limeatottc or lime, litharge, iron and fluor*spar. 



GOLD. 

Gold occurs in nature chiefly in the form of alloys, the 
most important of which is “native ’’gold (.so called), 
consisting of gold, sUv'er, and small quantities of copper, 
iron, and oUht metals. Gold is fi>und alloyed with 
rluHlium ami paladiuin ; amalgamated with mercury, 
and occasionally combined with teUiirium in the form of 
an ore, the tellurido of gold. 

TREATMENT OF DUE CONTAINING GOLD, 

The treatment of ore containing gold is effected by 
three distinct systems — Atn<df/a/naf.iony and 
Chlorination. 

^ BY SMELTING. 

Fho methxi hy smelting in most eases i« identical with 
that in the treatment of silver ores, to wliieh reference 
is here made. 

T^ad Pro*'cm . — An .air-tight vessel is partly 
filled with load kept in a melted state hy a fire below. 
The pulverized ore is made to pass down a central pi{>0 
or cylinder into the lead, through which it passes, and 
then rises into the chamber, floats on the surface of the 
metal, and is removed through a side opening. The gold 
is supposed to be thorouglily amalgamated or alloyed 
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-nitb tin? Ivadj from which it i» aftorwanlH obtained by 


BY iVMALOAMATiON. 

Anii^fnL — l«»t. The ara^tni in a inaehiiie (*in|doYed for 
the rt'duelion of ores and the ainnlijaniJition of the pnv 
oious metals. It is com|h»sed <»f a sloiu^-paved bottom 
from six to twenty feet in diameter, wooden rirn two ft‘et 
and upwards in ludght, and i\\\ njoight wooden sliaft 
bavint^ two or more bori/.ontal arms, to wliich are 
taelied, }>y eliains, the mnllers/' eonsistini; of large 
blocks <»f granite. — The on? in pieces not larger 
than hens’ eggs is introdiieed into the ma(‘hine, and the 
nuiller set r<*voh ing at the rate of fmir to seven feet a 
second. As the nslm-tiou proceeds, cpilekHilver from 
time to lime is sprinkled ihrotigh a cloth or other porous 
snbsiancc into the mass tiiuler treatim nt, — ;jd. When the 
reduct.io!\ and amalgainalion is completed, the slime” or 
“gangtie” is w'ashed off, (he amalgam is ”eleam'd up,” 
“ sqiiee'/<'d ” and “ retorted.” , 

Pan ProceM, — Nt. The rock as it comes from (he 
mines is cTus})ed wet by stamps to a fine grrumlar state, 
and run into large tanks. — 2d. (Tiai ges of the jedneed 
ore, with Bidilcient W‘;tU‘r to form a thin ]»aste, are 
thorouglily ground in iron pans. As gold in rock exists 
almost xvithout exception in a inetailio state, friction 
wdth a moderate degree of heat w usually found quite 
stifHcient to fit it for amalgamation. Heat, howeve r, is 
aften* employed in the amalgamation of gold, and/or the 
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most part in the form of steam. Hie steam is let In 
some eases direct into the charge in the pan, but is 
usually applied in steam chambers underneath the pulp. 
The latter method is preferable to the former. Exhaust 
charged with oily matter, is detrimental to amal- 
gamation, and hence should not be introduced into the 
pulp. It is the exhaust steam that is commonly em- 
ployed for heating the ore under treatment. That a 
high degree of heat facilitates the amalgamation of gold 
is not without its advocates. The results, however, of 
an exti'iided series of experiments made by several ex- 
pert ainalgaraators in California were not in favor of its 
application. — lid. Quicksilver is ordinarily added to the 
pulp as the pans commence running. To avoid grinding 
the quicksilver excessively, the a<]dilion is sometimes 
made with the niullor slightly raised, after the reduction 
of tbo ores, — 4th. The charge is tlien drawn ofl* and 
waS|KHl, leaving the amalgam in llie separatom — 5th. 
Th^ proportions usually observed, for instance in the 
l\^ioeler & Kandall Grinders and Amalgamators, are, 
oijb to the charge (4 feet inuller), 1,500 pounds; quick- 
sliver to the charge of ore, 100 pounds; revolutions of 
muller, 00 to 75; time of reducing, usually about 0 
hours. 

Ah gold-bearing rock is seldom found sufficiently rich 
to rentier it advisable to treat the entire mass in pans, 
the above method is subject to various modifications, of 
which the following are a few: — 1st. The heavier and 
richer portions of the rock, as crushed, are concentrated 
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f l»y nn'ol vitig blanki'tH, bu«Mk*s, concintratDrH, or other 
inaohiut'ry, thou |>ulvertr.od aiul aiijalgurisatcHi in panj*. — 
2ii Amalgiiniation h oointuema'tl in tho hat lories 
the crushing ojK’ration, anfl is oarritMi on through t\ 
Berks of shaking tables^ rilHes, atnl eoj»|M‘r plat i s. 1'he 
richer portions of the tailings are then concent ratcil aihl 
lreate<l in pans, — ;J<l. (iriinJing ami amalgainating arc 
eftccted in pans while the re»lm‘etl ores are tlowing eon* 
limioasly throiiglj tlicni. — tth. The sulphides or <‘oiieen-' 
trated tailings are roa^^ed in a re\ erheratory furnaee 
before hi ifjg ground and anialgafuaied. — oth. Thin Iay« 
ers of the e<meentrated sulphides or tailings atv spread 
in ini;h)?'Ures ojien to tin* sky, and allowed to remain a 
long time, for instance a year. Tin* tailings ar<‘ oi'casion* 
ally turned with slmvels, and the lumps broken so us to 
<*,\pose. as mtU'h surface as possible to tlu^ aeliem of the 
air. Common salt, mixed wdtli tin* tailings, assist in tlu'ir 
oxidation. Wheit thoroughly oxidi/.e*d they are treate<l 
in |mns. 

The ptocess of amalgamation is not wndl adapt < m 1 to 
raw ores containing the compounds of stil]>hur, arseirc, 
tellurium, bismuth, iron, le.ad, copper, antimony and zinc. 
These suhstaiJO<?s not only cau.se a siekmung of the 
quicksilver, but so tarnish or *‘coat” the goM an to ren 
dor amalgamation next to impossible, Fortlie most part 
such ores should In? thoroughly roasted and the deleten- 
ous Buhstatices volatilized before attempting amalgarna* 
iton; or in many cases it may p<.Thap9 be better to sub^ 
jeet them to smelting. 



liS QCAim OPKRATOU’S IKVM> 

Ilagmi's Process , — In this process, pyritoua ores are 
heated red hot in a tall fumaee and subjected to the 
action of a current of superdieated steam, obtained by 
passing dry steam tlirougli a coil of pipe in the tire-plaeo 
on box below. It is claimed that the heated watery 
vapor ia decomposed, and that the oxygen and hydrogen 
combine with the elements of the ore, converting the 
saij>hides into oxides with the liberation of the gold, 
while tlje sulphur c<unbin<‘S with I lie hy<ln}geu, forming 
sulphide of liydrogen, wliich is biinuHl. The wasted ore 
is reduee<l t(» a line |)ow<ler or slime, and subjected to 
amalgainalion. The reports are convicting as to results. 


liV CHLORINATION. 

1st. Pulverized on*s containing gold, having l)een well 
roasted, coolcil and inoisteiu'd with water, are })ut into 
closcly eovered woo<len cisterns whose bottoms are. so 
con.struct<‘<l that ehlorine gas <’au perineale the mass 
frotn tmderncath. The ore containiug “ lime and “ talc 
H^)uld be roa.sted with salt, as those substances are 
highly detrimental to .chlorination, — 2d. CTdorlne gas, 
produced by heating sulphuric acid, pcroxi<le of mangan- 
ese and oommon salt in a leaden generator, is caused 
to enter tlio cisterns at the hottom, through leaden pipes. 
The chlorine gas should be forced througli clean water, 
to cleanse it of muriatic acid, winch in several ways Is 
very injurious to the operation. The effect of the chlo* 
fine on the gold is to produce terchloride of gohi — 3<L 
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Pure water, after the ehloriiie has done its duty (wineh 
takes from ten to iifleen Inuirs), tlie eovers of the dis* 
j>oIving cisterns being icmoveJ, is addtul sullieitmt to fill 
the cisterns ev< n with the ores. The efb'ct of the water 
is to dissolve the terehloride of pdd ; the soltJtion h 
then drawn off into glass Vi*ssels. — lih. SnIphaUvof Iron 
in solution is used to precipitate tln^ gold, which may 
tlicn be gathered, incited, and run into bars. 



SILVER. 


Silver ooeurs in nattiiv under many forms, viz: 

Natliu: SiUci '. — Native Silver sonu'tiines occurs almost 
eheinicali y pure, ))ut often is in alloy with gold, copper 
and other metals. 

Anthnonhd Sih't rand — ^^Fhese alloys, owing 

to their seareity, are <»f but little eoinntereial value. 

.;Vo//er AmahjifiH . — The eoinposition of several knowm 
varieti<‘s of native mijalgain is — silver, 34,8; mercury, 
(}a.2; silv('r, 2t}.25 ; raereiiry, 73.70; silver, 86.4, if ; mer- 
cury, 13.51. 

OKES OF SILVER. 

The ores yielding the greater part of the t'utire annual 
product of silver, ami henee tlie most important, are: 

Sdvrr (rliittrr . — This on% known also as V^itreotis Sil- 
ver^ Sulpliide of Silver, is, on ae(‘ount of its .almndanee 
and richness, the first in importance. Its composition 
is — silver, 87.04 ; sulphur, 12,06, 

^tiphanitc, — ore, known as Brittle Silver Ore, 
Black Silver, ranks second in importance. It is com- 
posed of — silver, 70.4; antimony, 14.0; gul|»har, 15.6. 

PymripjrlU :. — This ore, its name imjdyitig laiby silver, 
is usually black ; sometimes, however, apj^roaching cocle 
ineal-ml. Its composition is — silver, 58.08 ; antimony, 
26.46; sulphur, 17.56. 
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Chlonih of Silver, — Thi« oiv, known as Iloni Silver, 
Muriate of Silver, wlieii fouiul in quantities, an in 

Xevailii, is very valuable as an ore. It )»as, Innvever, nut 
been fouiul t(» exteiul downward in mineral veins tt» any 
eonsiderable deptb, but to have been siu'ceeded by sul* 
|)bides, arsenides and eoinpiunidH <if antimony. Its hard- 
ness is but litlle above tliat of tale, ol'ten the same. Its 
cfunposition is — silver, T'i.rta; ehlori<le, ‘Jt.GV. Many 
other on s of silver oc<'ur, but are eomparalively of liule 
commereial importaiice. The folb>winit comprise nearly 
or quite all the ores of silver known : 

Sibur — b'sually found ulli>ye<l with copper, 

gold, e(e. 

Sih'tr (thtiict — Vitreous Sihu-r, Sulpbur(‘t of Silver 
(AgS), Sl2dm, Aoa7.04, 

— Telluric Silver, AgTe r. Tea7.2U, Ag02.77, il 
««2.-~-2.5, 8. a -8. 9 

X<J(umatmite — AgSer=Se27, Ag73, llrr2.5, 

Eucairik . — Selejjiuret of Silver and Copper, CuSe-f 
AgSe (Cti, Ag ) Se.'J i .5H, ( ’n2o.20, Ag \ -i. J U. 

AVA>//eu/(W^e-'-- Argentiferous Sulph?iret of ( 'opper,'^,'uS 
-f AgS..::::{Cu,Ag) S “^8 1 5.U2, Agr>2. 7 1 , Cu.'iO.lto, Il.,,r2.5 
--3, ('f x::0.2. 

Anthmmbil Slker — Antimoiiiate of Silver, AgSli=r 
Sb23, Ag:r:77, also Ag'SbrrSbift, Ag83.4, H-=irj.5 — 4, G 
=rfi.44~- 9.80. 

Armtic Silver — Consists of ArMutic, Iron, Antimony 
and Silver. 

Fk^ihh Silver Ore — Ferrosulpburet of Silver. 
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AgS4‘2Fo*S*rrS Ag32.83, Fc3100^ 
H=r l.--Lr>, G=r4.215. 

Mhirgyrite^ AgS + SbS’=S2I.35j Sb42*70, Ag35.86. 
PyarfpjrUe — Dark red Silver Ore, Ruby Silver, Black 
Silver, 3 AgS-f SbS*- S17.50, Sb23.4(i, Ag58.98, 

2.d, G ' 5.7-.5,9. 

Light red Silver Ore, SAgS-f AsS*— S19.40, 
A»15,U*,, Aglif).a8, II 2.-2. 5, (Lr..5.422~-5.5(]0. 

‘FrkdihvtiiU : — Antimonial Sulf>}iaret of Silver (PbS-f 
SbS04-2, (:iPb,AgS)4ShS^ -SlH.77, Sb27.72, PbaO, Ag 

22.18, II 2.— 2.5, (f -0.— 0.4. 

Poli/htmte, 1) (Ag,Cu) S + (Sb,A8) S^- Sl7.0i, Sh.xOO, 
As; 3.7I, Ag0l20, GuO.Oa, li 2.-3, G - 0.214. 

/Stephan Ik — Brilile Silver Ore, Brittle Silver Glance, 
Black Silver, OAgS-fSbS* Si 5.0, Sbli, Ag70.4, 

-2.5, G~ 0.200. 

XaHth(/kon (Vellow PoNvder) II- -~2, G 4.2— 4.3, 3 
( Agl7\4- AsS') 4 2 (3.\gS-f AsS') -S21.30, Asl3.40, Ag 

04.18. 

JikaiHth Silver — Bismuth Silver Ore. Cornpositioa 
vuri/ible ; 

{ Bi27, ?b33, Agir>, Fe4.3, CuO.O, Si 0.3. 

60.1 10. 1 7.8 A«2.8 

Ifom Silver — Muriate of Silver, Chloride of Silver, 
AgCi -^~Ci24.67, Ag75.33, H 1.5, G ^..5,552. 
lodk Sii( 'r — loilile. Composition \ariable. 

Jhamk SUiUT- Bromite, AgBr— Br42, Ag58, 

-2 G--5.8-0. 
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JSmholite^ 2AgBr 3 AgCl«*Ag (Cl, Br)«»wAgOO,t)«, Bt 
i9My CUa.20, IW 2 , (i^r>.79-rn8K 

Seihife — Carbonate of Silver, AgC«*»»Ag084, <.X),16, 
Very soft. SometimoH culled Blue Silver. 

TREATMENT OF SIIA ER ORES. 

The treatment of Silver ores in liVeeted by tltreo dtH- 
tinct syntems, vi/v. : Smelling, Solution ruul Ainalgama- 
lion. Each of tlicse systeinn is severally subdivithHl, and 
subject to aimo. ♦ imleiinite luodifications, 

BY SMELTING. 

A radical feature in nearly every rmabod of smelting 
silver ores i.s the employment of lead in one or more of 
its foniiH. If lead in some form d<s*s not oc.eur In the 
ore to be operated ot», itlias to be added. In connection 
with the Mnndting of silver ores, among the more iinpor* 
taut properties to be observed of li-ad and its compotindu 
are as follows, to wit: — 1st. The sul[dud<‘, oxide or sul- 
phate of silver fused with lead, the silver is reduet^d to 
tho metallic stale, and forms an alloy willi the excesH of 
lead. — 2d. The sulphate of silvan* fuse<l with the oxid^ or 
fudphate of lead, argentiferous lead rewultH,— -.vd, Lejnl 
ha» mueii less alfunty for the base metals tban f<»r silver. 
— 4th. A fused alloy of leuii and silver acted on by a 
blast of air, the huid beconiei^ oxid[/<*d, whil<» the silver 
remains unchanged. — 5th. In the furnace, the sul|»liid(? 
or stib-sniphide of lead atid the Ruljdiate of Iea<l n‘act 
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Itpoil each other and produce metallic lead, which takes 
up the silver, if any be present.-~6th. One part of suh 
phide of lead, and three pans of sulphate of lead, react 
upon each other and produce litharge. — 7th. Sulphide of 
lead and metallic iron, copper, antimony or zinc in a state 
of fusion react upon each other, and produce on one 
hand metallic lead, and on the other the sulphide of iron, 
etc. If the sulphide of lead at the same time contain the 
sulphide of silver, the same reactions take place, and the 
lead and silver enter into alloy, while the iron or other 
of the metals named is (H)nverled into a sulphide. Iron, 
it may he ohscu’ved, is usually employed as a flux or 
r<.‘ngent. It seems proj>(‘r here to remark that the treat- 
mit>nt of an ore containing siiw: and gold, inseparahle in 
smelting, is not nvwlifred on account of the occurrence of 
the, latter metal. 

IN KKVEiUiKUATOUY Fl UXAt K. 

Corinthkni Process, — l«t. The ore, for example, argen- 
tiferous galena of pure <juality, is roasted by a slowly 
increasing temperature until the sulphate thus produced 
is to the sulphide in the prt)pc>rtion of their cquivaletits. 
— The temperature being increased and the* charge 
thoroughly stirred, the sulphide and sulphate of lead re- 
acting upon each other produce metallic lead and sulph- 
urous acid gas, of which the former ilows from the fur- 
nace into vessels prepares:! for its reception, the latter 
escapes by the chimney. — 3d. In connection with the re- 
duction of the metal is formed a swbsulphide of lead. 
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lliis and the sulphate of lead in tlie proportion of thcsr 
e<juivale«ta reuct upon each «alier and produce a further 
amount of lead.— *4lli. The n>asting is continued until 
litharge is finally formed hy the reactions of one part of 
sulphitle and li»ree parts t»f sulphate of lead* Charcoal 
is iheii added, which reduces the litharge and sulphate 
of l<‘ad in excess to the motalUc state. — 5th. The alloy, if 
sullieiently rich in silver, is subjected to cupellation ; but 
if poor in silver, may well first he enriched by the Pat- 
iinson process, 

IN ( l Fi)LA FCIt.VA('E — ( ASK h 

AV/<w//u? — ist. Tfie raw ore, argentiferous gal- 

ena, ainl iron-rtux j>repared by being broken into small 
pii‘ CCS and uniformly inixtjd, are so thrown with the fuel 
into the furnace tliat they shall occupy the back of tho 
shaft while the fuel shall occupy the front. — 2d. Sufficient 
blast being fij>plic<l to induce a gradual fusion, and the 
reactions of the sulphur and iron tog(*tljcr with oxygen 
taking place, the furnace hearth becomes filled with tho 
rich, lilicrated lead, and floating slags. — ad. A» ocea- 
«ion rerpiires, tlie lead ready for cupelling is drawn off 
through an aperture in the Imtiom of the furnace, and 
the slags titroiigh a more elevated ojxming. llie richer 
|»orlio«s of the slags, or properly matte, composed of 
the sulphide of iron and lead, with a little silver, are sub- 
jected to the further tn-atment of roasting and fusion.— 
4tb. The pro}>orti<^tis of a charge are as follows: galena 
in small fragments, lOO parts j cast iron, 12 parts; 
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riag from iron forge, 14 parts; fuel (mineral coal), 120 
parts. 


IN CteOLA FURNACE — CASE 11. 

Jlammthberg J^rocess. — Ist. The ores, argentiferous 
galena, abounding in earthy and metallic impurities, are 
roHhted eiilier in Keverberatory Furnaces or in Heaps in 
the open air. — In tha^ Rcocrhemtory Furnace : The roast- 
ing is conducted ifi the ordinary riiiinner to the desired 
cxU*nt of oxidation. The heat tlicn being increased, the 
fnrnaco closed and tlic charge fused, llie siii(%‘iles of iedd, 
of lime, etc., arc formed, 'whieh with the oxidi', snipliatc, 
and sulj>liido of lead arc drawn upon the iloor of the 
furna(a>, cooled and broken to sizes best suited to treat- 
ment in a cuj)ola furnace, e.//., size of oranges ,*— /h 
Jhapa: Ist. Ores abounding in the sulphides of iron, 
zinc and copper being intimately mixed with galena — 
aiTanged in order of the .sizes of llie blocks, the largest 
at the bottom, are piled several f< el high n]»on a thii'k 
layer of wood, and t‘overed with |»ujv'eriz(‘d roasted ore 
which prevents the access of too much air. The sulph- 
ides constitute the greater portion of the fuel From 
four to six months arc required for the first roasting of a 
heap containing one Imndred and lifly tons of ore. The 
metallic pniducts of the operation are subjected to a 
aeeond and third roasting, or rather to a succession of 
roastings, until the sulphur and otlier volatile substances 
are well dissipated, — 2d. The charge consisting of 
roasted ore, silicious slags, litharge and fragments of old 
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cupels — all mlueed to the size of hens’ eggs and thor- 
oughly luiited, are introduced with the fuel into the fur- 
nace, A strong blast ajjplied, iiulaeing fin-^ion and the nee* 
emry eheinioal eluinges, the lead, matte and slags sink 
upon the licarth and are tlispost‘d of as in C’ase i. Tluj 
proportions of a eluirgo are: roasted ore, 140 [uirta ; 
highly silieiuus slags, 40 parts ; litharge, I to '2 parts, 


IN Ot roLA Fl’KNACK— CASK III, 

1st, — Argentifenms carbonate of Iea<l, while lead ore, 
in prej^ared for the furnace by being broken into Hinall 
pieces — or Oi<nirnr>g as powder — by being made with 
clay into orange-sized balls ainl drie<b The charge oon- 
sisting of the juepared ore, Iiiharg<*, cup< l bottoms, an<l 
other fluxes suited to the gangues, is thrown witli the 
fuel into th(‘ funiaee— tlu? charg<‘ more on the side of 
the Vniek wuiU, and the fuel on the side of the front. — 2d. 
A» the blast is let on, and the oreonixture fused, tin* car- 
bon of the fuel reduces the fr<M? oxldt*s of lead; also 
those in eoinbination. The metallic lead anti slags are 
drawn off at proj>er intervals,— ad. The remunerative 
portion of the careful ly-sortetl slags are reUirne<l for 
fusion. The fumes colleeled in the onnlensing appar- 
atus, and sometimes amounting to nearly half the le.ad 
originally treated, are made into <»range*sized balls, dried 
ami fused again. The b ad obtai«e<l i» either first treated 
by the Pattinson process, or cupelled at once for its 
ailver. 
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IN' (JUPOLA FUItXXCES. 

Process, — 1st. The ore, corapostM.] chiefly of 
the sulphide of silver, sulphide of iron and quartz, free 
from the oorupouudH of lead, being intermixed with char- 
coal <»f Jijilf its weight, is roasted in walled inclosures 
0 ]>en to tlie sky. An equal amount of dry wood is some- 
times used instead f>f chan‘oal, and the roasting effected 
in eire-ulur kilns measuring on the inside four and a half 
feet in diameter, and the same ifi height, built of sun-dried 
brick, and ciquible of holding, besidt‘s the fuel, about a 
ton of on‘- each. — 2d. The roasted ore and tluxes being 
well mixtsl are introduecil with chareoal into the furnace 
in the following proporiitms : roasted ore, To parts; 
native carbonate (d’ soda, 10 parts; lead slags, 10 part.s; 
cupel bott«»ms, 10 parts; matte of previous operations, 
25 parts; litharge, 100 parts; chareojil, 50 to 75 parts. 
As fusion takes j>laee, the metal is drawn off from lime 
to lime and east into ingt>ls, ready for eupi llation. The 
matte that is gatlua-iHl is returned to the furnace as one 
of the fluxes for succeeding charges of ore. 

p4ittinsfin Prmrss, — 1st. This process is foundetl on 
the#4e faets: If a melted alloy of silver ami lead ia stirred 
while cooling slowly, crystals of lead form and sink, 
whicii may be removed with a drainer. A large portion 
of tlie lead tnay thus be se])arated from the silver. — 2d. 
Castdron {lans, capable of holding about five tons each, 
|>rOYided with fire-places, are arranged in a series, as A, 
B| €, D, K, F, G, ill a straight line. — 3ib The metal of 



ores containing silver and lead as it comes from ordinary 
smelting works, is melted, for instance, in pan D, and 
then allowed to cool very slowly. The metal, while cooh 
ing, is stirred, especially near the edges of the pan, w ith 
rui iron bar. As soon as crystals form and sink to tho 
IvotKnn they are taken ont w ith an iron drainer raiscil to 
a temperature Hornewhat higher than that of tlu‘ metal 
bath. From one-half to tw'othirds of the charge is thus 
removt*d to pan E, and tlui balance taken lo j>an Ollier 
charges of I) are similarly treated and dispf>sed of. 
The charges of ami E are tivaltMl and dispose<l of in 
like manner, exci^pt that the crystals of E go to F, and 
:he balance to 1), and tli(‘ crystals of O g«» to I>, ami the 
balance to J5. Tims aft< r sacc<*ssive meltings and drain- 
ings, the alloys rich in silver pass to A, while the leatl, 
ilmost entindy (leprive<l of silver, goes to (n The alloys 
Aitaiiied in [»an A are then subjected to cupellation. — 
lib. The lea*l of an alloy tn^ated by tliis proc<»sH bft<m 
contains less than one dollar in silvin* to tlie ton. ^ 'riie 
silver of the enriched alloy sh«»uhl m»t ex<^<'ed six hnm 
Ired dt)llars to tlie ton. 

Parka — ^Ist. Lt*ad <‘ontaining silver is fn?sed 

n large cast-iron pots. Melted //me i.s addc<l and well 
stirred in the alloy. Tln^ fire b<fing withdrawn from 
3 »der the pot, the w liole is bdt at, rest for a Hln>rt time. 
— 2d. The silver and zinc, sej>araliiig from the lead, form 
in alloy which is skimmed from the surface of the metal- 
imth as long as it Hhch. — .‘ bL The acum alloy c<mlaining 
lome lead is healed in a li^piation retort. Th«? silver and 
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kid fusr*^ and to a great extent, flow into prepared 
mouldn 'Fhe all<»y thus run ofl* jfe then cupelled; the al*^ 
loy of /inc and ttUver remaining in the retoit are partially 
aeparaled by distillation. The silvcjr thus obtained is 
fi’eed of its imjiurities by cupeliatiom — 4th. The propor- 
tions are; charge of argentiferous lead to the pot, from 
6 to 1 tons ; charge of zinc to the ounce of silver, by 
estimation, 1.5 to 2 pounds; quantity of silver to the 
ton of lea<l, 10 to 15 ofmccs; time of stirring alloy after 
the adilition of zhic, 10 to 15 hours; silver to ton of al- 
loy prepared for cupellation, 1,000 ounces. 

Xii/uation — 1st, Tlu.s process is founded on 

these filets: Lead and copper fused tog(‘tlKT form an 
alloy which, if rapidly cooled, maintains an intimate ad- 
mixture, but, if slowly cooled, separates. An alloy of 
lead and copp(*r, slowly heated to near its point of fusion, 
also separiites; stiver, if contained in the alloy, goes with 
the had. — 2d. Kit her an alloy of c<>ppt‘r or silver, or 
inatt<^ {oruile blaeh copper, retluced, l>ul not refined from 
sulphur and othtu* iriquirilies) containing silver, as it 
comes freai the sintdling ftirnac(‘, is melted with lead of 
about four times its weight, in a cupola furnace, ami 
cast into plain circular plates which are suddenly cooled. 
These [dates, calletl Liquation Cakes,” are arranged on 
their edges with allernale layers of charcoal, in a liqua- 
tion furnace. Tlie charcoal is then ignited, and a degree 
of heat pnxluced somewhat Wlow that of the fusing 
point of copper. The kud and silv<T m<dt and flow into 
» rctsciver, while the copjnr, in a porous state, retains this 
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forms of ih<? orli^nml If tin* (^t^psratiou ua»y have 

beeu im|H*rl\H‘t tlu* cakes are further by iHiiig 

ralm^d to a hiijher of heal i» the Hweaunj* furimc*?* 

Thuather U then M'luraled fiumtla* lead by ettje Ualiotu 

iiy s<M,rnt>N. 

f Voe# vt.-w IM, Thih |♦roo♦*^^ U futinded on l)u> 
«oh»biiity t»l ehlonde of ^'ihi'r m u liot eon<‘»‘nt»att <1 md- 
lutiuii uf ct»nnnon -^alt* id. 'flu* ou*** art* ciu^^hul dry by 
statnpM^ arxl puh< n/.td lu suitable - .ui. ''Flie luasi* 

itijjj in u n M ibt'iMtoiy funun o is tomtueiuMtl at a low 
temjHTatUH* wall a bee oi :ur. I»j eaiebil, uua 

fitrm roa^tinii, at a ilull n^l tb<* Hulj»bal<H of the 
\anf»ui luel.iU art jn'oiluetM]. d'lu b» .a h tie n na u .i-^yd 
lo chert y nsl, AvliH’h dt'Conn>oM « i1m* siil|)h.at'H ni 
Hud other basv uutat**, but uni the sulpliaU* of 
4lh. (\»iu!iion saU» }»ii\i»»udy united^ IfuKui/tMl hnl 
nuxctl ^ah tobl tuo, h u»bb <i tolhe hot oit* in tlo'^tui 

nace and thorouibU iuiv.td \sah a 1»\ ‘'ittuu^. dlo' 

pliaU* of hil\ er Is thu*' t ous ( Med l u f hlondr td ^ihei - 
5th. Tilt* appaiat u*- lor tiu l.u/oid oiKj.aeui* 
a larsj'e lieat tn*^ i< sri \ oir, a s»o u s ot disM 1\ ui^ tubs, t u o 
stttiin^jf cistMun^ 1 <mu |trt Mjut ti oo/ tubs to < at h 
one of the di^solwiii: tub-, and tuo latL"' I'mm jdaeb'H, 
arranired in theoidti het*» u, nu des< t udiuo sti jh. 
The tfissoU at»d |ui‘n|utauiiur tubn au* lo-ailv evhio 
drteal. The> Hfe j#ro\jd**d \titls filttrn tuud** of sojull 
ftlkks and straw, eo\ end with cloth. A xeitu d |^arti- 
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tioii resting on the filter divides each tub into two Oli^ 
equal conipa it men ts.— -fit h. The chloridized ore being put 
into the larger compartments of the dissolving tubs, suf- 
ficient of the hot salt solution from the heating reservoir 
above, to completely immerse the ore, is let into the tubs; 
llu-y are then loft at rest one hour. The discharge- 
cocks of the heating reservoir and tubs then being 
opened, the hot salt solution is filtered through the con- 
tents of the lulls, and run off from the smaller compart- 
ments, at openings at fii*st above the level of the ore, 
afterwards at openings near the bottom of the tubs, into 
the settling cisterns, until a test witli clean copper show^s 
no trace of silvi-r in the fik<‘red solution. — 7th. Copper 
(copper cement) is put into each of the upper two pre- 
cipitating tubs ill the several scries of four, and iron 
(wrought s{‘rap'iron) into each of the lower twx). The 
chb^ridc solution from the settling cisterns is then slowly 
fllti^rcd through the several series of precipitating tuba, 
and the filtered solution run into the large rweptaclea 
below. The si! v<‘r is precipitated by the copper in the 
upper tubs, and the copper in solution, if contained by 
the ore at first, is precipitated by the iron in the lower 
tubs. Tho siher is taken Iwdee a week from tlic pre- 
cipitating tubs and refined. The filtered solution in ih^ 
reeeptaeU*s is pumped into the heating reservoir and 
used again. — sth. The proportions usually observed, are: 
an* before roasting should contain of snlphur not leu# 
than 20 per cent,; charge of ore to the furnace, for roast- 
ing and calcining, AOO pounds; charge of melted 
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on?, mixe<I with 220 pounik; 
timo, roasting on upjjin* solo of furnaco, 4 to 4| hours ; 
ealoining on bw'<*r solo of furnaoo, 4 to 4| liours ; timo 
of chiori4ixing, from lf> to 20 minutrs; 4ogriH'S of hoat 
of Jialt sohuion, 131"' Fahr. ; timo oi' *lis«olvi«g ami {»nH!ip-* 
itallng, 20 t4> 24 hours; solution of suit, run through oaoh 
tub to ono t housami poumk of oi\% 2(K) to 250 inibit ft ; 
depth of cop|M*r in piveipitating tubs, about ti inelu H ; 
depth of iron in jui'oipitating tubs (if the ore eontniim 
eoj»per worth saving^ itiehes. 

Uemauk. — Z in<% aniinumy and arwnie are deirimenial 
to the Augu'^tiu luid Zierv«>gel proeessrs. 

/ — l.Ht. 'fhiH prufi’HK is <bumh*d or» the 

s<dubiiily of sulphate of silver in hut waU'V. — 2d. The 
ore, as in the, Augustin |jro<‘ess, ha^ing bet‘U Uiorougldy 
pnlverix^ed, is earefully roasted and eah-ined till the sul* 
phates <»f iron arid other base metals an* completely 
decompese<l, but none <»f the sulphate of silver, whi*‘h is 
much more (distinate, WTieti small <pianlitii'H of the 
roasted ore tlio^wn hot iiito water give only a very slight 
Idue color, tlu* calcination is regarded comphue. - Hd. 
The std|»hatijw*d i>re is treated in all reH|X‘et,s the same 
the chloridized ort‘ in the Auguntin proeens, evcept 
that pure water h emf*loye<| instead of i^olufioit of salt. 
The degree of heat of the water hir diswdving Hiunild 
H(f ' Fahn 

Fon Pafrru'M / Voccita, - - 1 nt. In thin f>roe<*s$ the orei^ 
an* thoroughly ]»ulvcrijw*d am! <;ii)ondi/.ed by n^iMting 
ommon salt.— 2d, ffol water, to dissolve the ehio» 
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rides of various base metals, h Altered through the chlo* 
ridixed ores put in tubs similar to the dissolviug tubs in 
the Augustin process. The ores are then cooled and 
transfeiTed to similar but smaller tubs. — 3d. Hyposul- 
phite of soda, iu cold solution, is then filtered through tie 
ores and run into precipitating tubs until all the chloride 
of silver is cjornpletely dissolved. — 4th. Folysulphide of 
sodium, sulEelent to produce a neutral liquor, is then 
added, which precipitates the silver as a sulphide iti sael^ 
fitted to the inside of the tubs. (Polysulphide of sodium 
is produced by fusing eoramon soda ash with sulphur, a 04 
Hubseqmuitly boiling the product, dissolved in ivater, with 
ftuljihtir in a finely divided state.) This iiout»*al liquor, 
the hyposulphite of soda, is preserved for lixiviating pur- 
poses. — 5th. The sulphide of silver thus obtained, after 
being washed in warm water, pressed and dried, is heated 
under mulfies, w ith free access of air, till nearly all the 
sulphur is exiKdled. The metallic silver is then refined. 

I^iberif hi/ t^ulpknric Acid, — ^Ist. The matte, 

impure copper containing silver, as it comes from the 
fiii;iiacc is finely pulverixed, thoroughly roasted and ehlo- 
ridixed as iu the Augustin process, — 2d. The chloridiaed 
matte, put into tubs, is subjecdcd to the action of hot sul- 
phurie acid. The copper, with w hat iron may be prciscmt^ 
is dissolved, wliile the silver is but slightly affectc-d. — 3d. 
The solution of the sulphate of copper is drawn ofiT into 
vats and crystallised. — 4th. The undissolvcid remainder, 
containing the silver, is smelted w ith lead and eiqieiled; 

Emnmdshurg Pmcemjty S*dphuHc AciA — 1st Grau* 



cof^pcr contaituiit^ Mher iu tubn iti huIh 

jceu*<l, in ooniuHliou uith abundtiiu o uf iiii\ to tho avtum 
of hot fiU|ihunc acul trickK^d o\i*r it,— 1*<1* The co|>jH*r, 
timft oniut^rwd into llu^ t$td{»hato nf iuih otl' in »o- 

lutioii throiig)i anerios of ironghift, iii it ih di 

itt form of rough crystaln, Thi» Ihiuor h it^tunud, 
heaUNi, ami again iriokh'd through the maional under 
treatment. — ?id. The rough ery^lalli/AHl hah »« wa»hf»d^ 
dlsimlved ill the hot molten ltv|Uor of |»revttmK pn^enn^ 
ran iato vata, and recry atalliaeii — 4th. The rejdduuin iu 
the diaaoU ing luhsi \a smelted titith lead am! eu|ieUed for 
iu aihHT. 


HV AMALGAMATION, 

/Aif<o /Vor<v^<s.-"-l8l. l*aiIo Mgnifn^H ft yard, Ft»ramaL 
gamatlng juirpoHe-K, tin* dour uf the }urd in n»ade levtd, 
paved ailh hru’k or gniiate hhf(’k><, Hurnmmled hy high 
walU and u<tuully left upen to ilte >^ky. On thm 
eireular batehe« o( nlver ore, red tuvd to an iinpalpahle 
pante hy and arantrat*, or other inarhinery, nta 

apread to th<' dqith of He\en to twihe ineheh, and in> 
elo$ed !>y low eiuM* euih«. — id. Nall bhlorido of «<j^i- 
«in)» %'arying in quantity a»’cordif»g to ilH quality; and the 
riehnefitt of tl»e ore, U vtell mixed the pulp hy tread* 
;«g it with nmlen ut oxen, and tiirning it uith 

»h 0 vel*t, Tim effect of the Halt in iu dvwulphuriw the 
milphtdcH and produce ehloridi* of culver. The hatch U 
then Wfl one entire day,— ^'td. MaunHtral, that im roahUd 
and puheri/ed copper pyriuft, 'trying in quantity with 
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its quality, the nchness of the ores aud season, is well 
mixed with the pulp after it has been subjected to the 
trendini,^ and turning operation one hour. The ultimate 
of tlie magistral is to revive the silver by depriv- 
ing it of chlorine. — 4th. Quicksilver is added, usually 
in three charges to the mass, by being sprinkled in mi- 
nute particles through cloth or other porous substance. 
After the addition of the first charge of quicksilver, the 
batch is thoroughly mixed, thr<iwn itilo heaps of about 
one ton each, smoothed, and left at rest one whole day. 
The treading, turning and h<‘aping operation is performed 
every other day, occupying five or six hours, and is found 
much more elective in a morning thtin an evening. The 
S(*cond charge of quicksilver is addial and similarly 
treated, when it is asctuiained hy washing a sriiall quan- 
tity of the mixture that the first has been well incorpo- 
rated. After the secoml charge has jierformed its work, 
the^^iiird charge, is added to isike up any stray particles^ 
of si)ver, and tu tit the amalgam better for sepaniUon.'— * 
5th/ Lime is ad levl to cuol, ami magistral to heat the 
m:As, according as it rnay he too hot or tm* cold. Too 
mich heat is indicated hy the quirkMlver becoming 
extremely divitlc<l and of a dark color, with oecaiisional 
brown spots upon its surface; loo little heat is indica- 
ted by the quicksilver retaining its natural color and 
Huidity. A proper degree of heat is indieate<l by the 
amalgam Wing of a grxvyish white color, and yielding 
rea*.liiy to a slight pressure.— nth. The pro|>ortion« to 
the ton of >alued at fifty dollars are: salt^ of goo«l 
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quality, BO poun<ls; magifttral (containing ton per cent 
of the 8ul|»hate of copper), in summer, *20 pounds— iu 
winter, 10 pounds; quicksilver (first chargt*) 14 pounds, 
(second charge) 5 j>ound8, (third charge) 1 pounds ; 
lirno, more or less (see Sta*. 5), 15 pounds. An excess of 
magistral, quicksilver, or lime is injurious ; an excess 
of salt causes a loss of quicksilver, but in not otherwise 
detrimental The time employed in treating a batch of 
on', varies from twtdvc to sixty days. Light, and govul 
weather greatly lacilitati’ft iqu ration^. — Tllu The s^quira- 
tion is acconiplisluMl by washing the f>ulp <»r mixtun^ 
with abundaru'C of water in a large deej> circular vessel, 
similar in ]‘rinciplc to the c<»nmion siilh r t»r separator, 
and causing the lighter f»ortions of the mass lf> Ihov 
slowly MX uiuii the amalgam is gathered by itself, when 
it is taken to the refining works, 

J’Wlhvhj ./VoA.w, — Iht. This pi'oc'esH takes its tuirne 
f?'om Freiberg, a place, in (»<,*rnjany where it was first 
praclHX^d. Tlie ores, if possible, are, asserted ho Hs to 
contain not less than twcuty five f>cr rent, of sulphiiles. 
When they contain less, tlie sulpliale of iron is addc^l to 
make up tlie deficiency ; when more, a Hufliriern quantity 
of the richest in siilphides is roaste<l without s^ a salt to 
make gm>d the ratio. The ores are crush<‘d flry. — 2d. 
Balt (chloride of sodium) and crushed ores are tbor^ 
oughly mixed together, roasted in a reverb<'ralory fur- 
and reduced to an im|alpabie powder in a swilaVde 
milL Tim heal and salt acting upon the sulphide rd 
ftih'er pri»ducc the chloride of silver.— 3d. W rought iron 



13S 


QUAUrZ OPEttATOK’s HA3S’l>-Ii<K>K. 


in Rniall pieces with a pasty mixture of the ehloridiaed 
ores and water, are put into barrels having horizontal 
axes, familiarly known as Gennan barrels. These, each 
making twenty revolutions a minute, are run two hours. 
The eflect of the iron is to revive the silver to the metab 
lie state. — 4th. Quicksilver is then poured into the bar- 
rels, after whicli they are run sixteen hours continuously^ 
exce[)t the time taken to regulate the consistency of the 
pulp hy the addition of ore or water. At the end of the 
time run, the casks are filled with water and revolved 
quite sh^wly for oiie or two hours, when the mass is dis- 
charged into large vat.s, and the arnalgani separated by 
w^ashing, — 5lh. The 2 >roportions to the u>n of ore valued 
at seviMity-five dollars per ton, are: salt, added before 
roasting, 200 pounds; wrought iron to the ton of roasted 
ore, 200 pounds ; quicksilver to the ton of roUvSted ore, 
l,0tt0 pounds, 

.Ayer\^ — Tht* t>re as it ccunes in blocks from 

the mines is lu ated in a furnace and thrown into brine 
or ialkali water, by which operation it la broken into 
small fragments. It is then subjected to a further re- 
duction and to tlie process of amalgamation. 

JCtJifs — “Kent’s Patent Improved Freiberg 

Process, for treating grdd and silver ores, consists iu the 
preparation of crushed or pulverized ores, and tailings, 
by caking them w ith a solution of the chloride of sodium^ 
or salt and water, introduced in any manner so as to 
admit of forming the crushed ore into cakes, lumps oir 
bricks/’ Only three per cent of salt k used. Tit 
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bricks are calcined in a kiln, and it is estimatod that t)tre« 
cords of wood and twelve hours’ time will calcine 10,000 
bricks, or ao tons «t‘ ore. The amalgamation is ejected 
in barrels — differing in some of iht lr teaturos from those 
of usnal oonstructioiL 

fWfc/i Priwus . — The only CHsential diner<'nc(‘ between 
this and the Freiberg process consists in the emph>y- 
ment of mbs instead of barrels, and the use of sli‘am 
tlirectly in the pulp. Verlieal plat os of iron or copper, 
for reviving the silver from the condition of a chlorid(\ 
are fastened to ilie ‘‘muller arnjs,*’ so as to revolve 
edgewise througli tin* pulp or mass. The o]>erations are 
greatly listened by tlic upp]icatit>n of stram, so that not 
more than five or six Inmrs arc required for the treat* 
uient of a charge* of ore. 


EXTRACTION OF 8TL\n^:il FROM VOAl^kE 
C’Ol^PER. 

Jst. Coarse copper containing silver, as it comes ft^>m 
the furnace, is raised first to a bright red heat, tfnm jiul- 
veri7.ed and roasted with salt, by udiich operation the 
iilver present is <?onverted into the (dilf>ride c>f silver. — 
2d. The roasted nmss is then treated in barrels with 
quicksilver, which decomposes the diloride and amalga* 
mates wuth the revive! silver in connection with a little 
oopper and iron.— 3d. Tlie amalgam i» retorted and 
cupelled. 
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EXTliACTIOX OF SILVER FROM COPPER 
MATTE. 

Jftt. The copper tiiatte, composed of the sulphides of 
silver, copper, iron and other base metals as it comes 
from the furnace, is |)ulverized and roasted \iith salt and 
lime. The former, by the action of its chlorine, converts 
the various metals into chlorides, which, with the excep- 
tion of the chloride of silver, the latter decomposes. — 2d. 
The roasted matte is tlicn treated in barrels with quick- 
silver which decomposes the chloride of silver and amal- 
gamates w’ith the metal. — ;hl. The amalgam is then 
pressed, retorted and refined. 

In Copper Kettles, — 1st. This |)roces8, known as the 
“Hot Proei'ss,” is <;hiefiy employed in >Soiith America, 
and there only on the better class of ores— especially 
those rich in native silver, or in tlui chloride, iodide or 
bromide of silver. These being linely pulverized and 
conc<)lit rated by washing are introduced with consid- 
erable water into copper bolt ome<i kettles and IkhUmI. — 
2d. ^Salt amounting by weight to ten or fifteen per cent, 
of that of the entire mass is dissolved in the boiling pulp 
wdnlc it is being stirre<l. — 3d. Mercury of less weight 
than that of the silver present is added to the charge, 
and the stirring continued. More quicksilver is iutro- 
dueed whenever a test indieatt^s the least dryness of am- 
algam. — 4th. The amalgam and gangues are separated 
by washing; the former is “squeezed,’’ retorted and 
fined, the latter often treated !»y the Patio procesa. 
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I^in — 1st, Tho ores of silvi*r as they coino 

frona the niinos are |)re]>areti for the pan usually by 
being crushed wet to a granular state by slunips and run 
into a series of large Heltliiig tanks. However, to crush 
^et and vtrt/ Jinv .at the same time is i*bjeetiotial, ns 
much silver thereby is carried i»tV in the water. The 
ores are eonirnonly reduced so as to puss through No. I 
or No, r> Screens. They are Mnnetimes crushed dry, and 
sometimes roasted bebu'es going t»> the pan. Those es- 
peeially containing much antimony should be roasted. — 
:2d. Charges of ilu* leduecd ores — raw tor example — wit It 
sufficient water to form a soft, pasty mass, are put into 
the pans ami ground to the* slime? condition. This ordi- 
narily requires, ill the K\cclsior Criiub r and Amalgam* 
ator about three houis. Water is added occasionally 
during the grinding process to pi t serA c the proper <*oU' 
sisienoe of the pu!j*, which, if too causes a \vast<* 

td power, and if too thin does not intimately mix with 
the cjuieksilven — ad. Quicksilver i.s juit into the iiiaQiinc 
and thoroughly inc<»rporaled w ith the mas'^ ; w lfudi con- 
dition isindicaUsl by small globules of mercury ajipeanng 
on the surface of tlie pulp while it is in motion, and by 
their slowly disapptuiring on its corning to rt'sl. Milb 
men differ as to the proper lime for an introduction; 
some maintaining that it should b<? simultaneous with 
the charging of tlie rnaeliim* with ore, others that it 
jshouM be later — that the grinding shoubl first be accorn 
plished, then the niuller raised, the motion decreased, 
and the quick&iiver mixed with the mass. — 4tb* Chem- 
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jcalj<, difiVrif)g in kind and proportions, to an indefinite 
extent have been emjdoyed. As to their practical value, 
it in sufficient to observe that, in treating the same 
amount of ore, scarcely a pound is now used, while tons 
formerly were. This observation applies to the treit- 
inent of raw ores containing the sulphide of silver. Prior 
to drawing olV the pulp, the pan may be nearly filled by 
letting in water while the muller is running. Tliis will 
aid in de^jositing the amalgam and quicksilver, also in 
drawing off* the charge. The pan sliould be well washed 
out before bving recharged. When it is desired to 
“clean U]>’’ the KxeeNior Pan, the key in the muiler- 
screw must be removed, and the muller run up out of the 
way of the operator. As the sides of tlie stationary 
jdales slant (uitwanl, it requires but very little labor to 
wash down the material eoveritjg them to the eireum* 
ferenee of the mael»iue, whence it may rea<lily !><• drawn 
off'. — olh. Heat nearly to the <b*gree of boiling water is 
universally approved of by the amalgamators of silver 
in pans — Olh. The j)roj»ortioiis usually observed in op* 
eraling the “ Kxcelsioi* (irinder afui Amalgamator” with 
muller four feet diameter, are : ore to the charge, 1,5(K> 
pounds; number ehargt*s \vork?*d in ‘-it }»ours, 7; revo- 
lutions of muller per minute, GO to th‘» ; cpiicksilver to 
charge ore valued .at fifty dollars a ton, 200 pounds; heat 
(produced by steam), 200 ' Fahr. — Tth. Tlu- charge is next 
drawn off* into the separator, where it is slowdy and care- 
fully waslied iu abundance of clean water. For the first 
fifteen or twenty minutes after Ihc SMPparator has been 
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charge*] with the sliino-pulp, Imt little njon* water thaa 
was <li'awn froiu the Orifnier aiel Ainnlgauiater or run 
shoakl he ciHploytMl in it, at the expiration of wlheh 
time the imi(‘liine may he «(‘ariy tiUeti with water and 
hej)t nnming h*r a half hour or iimre; then the stopjM'rs 
sle.fultl be drawji tVoni the si*h% <me after th<‘ <»t))er, eoin- 
nieiicing at the u]>|HTnu)st . ami lh(‘ pulp ruit otl* nlowly. 
In the lueantinie a <‘iean stream of water should l>e Ua 
eojitimioiisly into the inaeliine. The (^unmlal Si'[>aiator 
being tiUj-loyed, the amal,i;am is w ith tin* <|uiek” 

silver in the 1h)W'I and spiral groove at the einuunferenee. 
dlie most of tin- <jiii<'ksiiver is drawn idf ihrongii fui ap- 
erture iii the hotfoni *d' the howl. The lunalgatn is 
\vasht;d, s<piet'/ed and retort'-d. — I'hunhiferons siiv«‘r am- 
algam s'pteezed at a temperature of M I '-lHi) Fahr., tin* 
lead goes wiili tin* mereurv; H«juee/.(*d at a h>wa?r /t«*m- 
peratuie, the 1 ad remains in tlie hag. The pulp is run 
oir fr<^m tin/ separator into .agitators and various rontri- 
vatiees ein|*h>yed to gather tin/ stray partieles of mernii y, 
amulgatn, .and in seune ca-^eH to e<meenirate tin* riedier atnl 
heavier poriir>ns the tailings. 

IkKoreKs. — Th<‘ hdlowing recipes takcfi from Guido 
lljXers *' of >SV/<vr ajtd Gold llrtraHiou^^'^ 

are a few' of the many employed in Nevada^ to tlte ton 


of ore : 

a Chloride of copper, 13 pounds 

Common salt 00 ** 

h Chloride of iron * 13 
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c Sulphate of iron . . 
Sulphate of cop]^er 

C'ornmon fialt 

d Su]j>lmric uc'uK * . . 
Sulphate of coppei 

Salt 

e Sulphuric acid. . . . 
Alum 


Sulpiuite of copper, li 

/ Sulphate of eojiptu* 18 ounces 

Sulphate ot iiMU . . Iti 

Sal amuiouiae 8 “ 

Common salt... 2 pounds 

r/ Alum 1;J “ 

Sulphate of copper 1| “ 

pSalt 40 

h Muriatic acid 30 ounces 

lyroxide of mangaiu'se 8 

^ilue vitriol lo ‘‘ 

Green vitriol 10 “ 

% Ciunmou salt ir> pounds 

Nitric acid 1 to 2 

Sulphate of iron 1 to 2 ‘‘ 

k Common salt 25 

Blue vitriol. ... . 2 “ 

Calecliti 2 

A’o/c. — a, c, are calculated for ore containing from 


two hundred and fifty to five hundred ounces of silver in 
sulpburels. All chemicals, except salt, are used in soli*- 


1 pound 
8 pounds 

80 “ 

3 « 

2 “ 
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tion. The salt is charginl half aii hour before the chem- 
icals are put ia 


SODIUM AMAJAiAM. 

Sotiiunt an<l mercury at a slipjhtly eievaltnl UMiipera- 
lure cornhiiie energeti<’ally with eacli other, j\>rniiMg sodi- 
um amalgam, which has a strong aflinity for gold ami 
silver, and sev(‘ral other suhsliiuccH. The np[dtcatiori of 
this principle of at traetioti to the practical arnalgamaiioa 
of gold and silvt*r was first made by Prof Henry WertiS 
of Xew York. Kxpcrjcrfcc far to show that sodinm 
amalgam, for the extraction of gold and silvto- from their 
gangues, in a variety of eas(?s may by skillfid hands bn 
employed to advantage. A very free use, however, will 
often be found injurious on account <.»f its aflinity for 
many other sul^^lanees than gold and silvt r. Its use is 
recommended in the tn^atment of gold-bearing quart i5 in 
batteries, pan^, barrels or arastras, in (‘Xtr.'O't ing goM or 
silver from <5we('pings, ami in amalgamating silvifr or<*» 
in which the silver has been redm»e<l to the metallic 
state: also in cases i>f “ llouring ami siekening *’ of 
the quicksilver, and in ‘‘cleaning np,” (•specially when 
a portion of the mcnairy and amalgam is in a finely 
divided state, or scum form. Tin* ratio fd>s<‘rved is: one 
part of sodium to two thousand or twenty-five htindred 
parts of quicksilver by weight. 
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PURIFICATION OF MERCURY. 

iMiTcury, for the purposes of amalgariiation, wshoukl be 
pure; most foreign substances, as lead, zinc, or bismuth, 
diminish its properties of combining with gold and silver. 
To free from tliese and other impurities : 

Jst. Distil the impure mercury. A retort for tiiis pro- 
cess may readily bo made of a common quic^ksilvcr flask 
and iron j»ipe of syplu ii form, 'fhe sliort log of the pipe, 
a few inch(‘S Ioj»g, is uttaelu‘d to the flask in llu.‘ place of 
tlie removed si<»pp('r. The h>ng leg, throe or four feet in 
length, ifioliiK's downward from the hond. The retort 
should riot be over two-thirds filled witli mercury. The 
lioatougljt tirsi to be apj)ru*d to the short leg of the pipe 
and tipper jmrt of ihe‘ retort, then t»> all parts of the flask 
alike. The long leg of the pipe must be kept cold. This 
may bi^ ellV eted by wrapping it with eloths ami pouring 
on cohi water. Thedisehargo end may also be immersed 
in cold wattT, kept in the receiver. The heat should be 
uniform, and the distillation slow. The eommon oovored 
retort is preferuhle to the (me doseribed. 

2d. Heat, and frequently agitate the ilistilled intTOury 
in thin sheets with one part nitric acid and two parts of 
pure water. The heat should 1 h> kept at l Fahr. for 
several hours. Repeat these operations until satisfac- 
tory results are obtainetl ; then pour off the mercury for 

Sd. Dige^it the crystallized nitrate of mcTcmy in nitrk 
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arid; tlufu dilute the liolution, (iUrr, precipitate the mcr* 
ciiry by metallic copper, and add it to tho mercury 
already tibiuioed ; or Uie nitrate ot' menuiry may be con* 
verted to a li«pud Kimply by heat, and tin* lueUil then 
preeipilated by <'oj>per plate. 

Qri^’ivsiLvicuiNt; iorPKu platk. 

Fir'Jit, ihorouijhly elean^t‘ Uu* tiurfaet* td‘ tlie phile^ uud 
rub it o\er will) ^jiiiek.silver i>r with the nitrate of mer* 
ctuy. 'rhe Miriaee i.»* s nuetinieM eleaii'^ed by hlnijdy 
»c(.utnn <4 it with W(unl a-hes^ biiek «lu^t, or tine sand ; 
ainl ^ometijiifH by waKbine it with dflule aei»l or »tn>n^ 
alkali. When acid )H ( -mplMved, its eMrrMsi\e projH/rtica 
fihould be netUrali/ed Ivelbre tin* ap]>]i4*ali4»n ot' the ^juiek- 
ytiiver. Xilrate of riienniry, when i-ry-Ht alli/.ed, \h readily 
converted to a rejnl<l by hetif, in N\hi<')i Htate it may l»e. 
applied as*, a wa'^b to tiie jdate. S^ellun) ainajj.oam may 
also be used t4> <^eod eflbri In eoalin;Lt eopj»er piitt<* with 
<pneksilvc r; in whi*’h not a- tnueh i‘are tieed In* hinl 
in cleansiuij tin* stnfaee of the plafi- a^ by tin* oth<*r rnelh' 
od**, before app-ieat ion. 


CUFELLATION OF OoLO AND SlT.VKlF 

l«t. llie cupellatiou of gold atnl t<ilver d<*|»efidH upon 
their iiermaiience and the *)xidability of lead w itli w hieli 
in a atate of they readily enter into c<unldnalio». 
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The mode of cupelling gold and silver in their several 
relations is the same. 

2d. The alloy, consisting of lead and gold or silver, or 
lead, gold and silver, is melted in a circular reverberatory 
furnace, provided witli openings through its sides for 
the ad/nission of metal, heat, currents of air, and for the 
escape of vapors or litharge. The escape is opposite the 
blast opening. Tlie roof, or top of the furnace, is of dome 
form, and movable. At eacli eupellation, the hearth, 
usually of concave form, is broken up and replaced by 
one made of clay, sand, and carl»onale of lime. 

Od. lilasts, or eurnuits of air, ar<‘ blown continually 
during the operation upon tlic surface of the fused alloy, 
pronioling oxidation of the lead an«l causing the litharge 
or oxide of lead to pas.s out through ilu* (^scape opening. 
The gate-way of this opening is kept level wdtU the sur- 
face of the metal within. The metal thus separated from 
the lead remains ou the liearlh of the furnace, either as 
an allod of gold ami silver, or as one of them in nearly a 
pure state. It is deprived of w-hai lead it may contain 
l)y the launitl way of assay. If the metal obtained Ik? an 
alloy of gold and silver, it is subjected to the process of 
inquartaiion, to which reference is here made. 


UKFINIXG OF GOLD AND SILVER. 

The refining of gold and silver is the process by which 
these metaU individually are brought to a state of purity* 
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It properly embraces Quartation, Granulation^ Fanhig, 
anti Uctlnetion. 

1st. Quitrtfififin 5s the allaying of one j»arl of gi^UI with 
three parts of silver, preparatory for huiui<l operations. 

2<1, itnthultttimi is clleeitHl by pouring ibo prepared 
melunl alloy through a line inui sieve into water, or 
cliroeily upon a bundle of twigs imnuTsed in water. 

^hl. J\rrthir; takes plaee by subjecting in a proper 
vessel, as glass, the granulated alloy to the action of 
boiling nitrie acid, by wdiich the silver with the base 
metals, if any are pivsent, is dissolved out of the alloy, 
leaving the gold pure, and itt thf‘ form of the original 
granules. In this operatitm 100 parts of silver ref|uiro 
149 parts of nitric aei<l of specific gravity for oxida- 
tion and Holuli*»n. IJuiting ooneent rated stilphune acid 
is soinelimes employed instead of nitric ae)d. 

4th. — The granular gold is t.akcn from the* 

disHolving vessel, digested in boiling niinv. aei»l, wJished, 
dried, melted with a litlle nitr<? and cast }n(o ingots. 
The silver of the nitric solution is preeipitated by the 
introduction of eopper plates. Tite preeipitale is washed 
in water, j>rcssc«k rnclfed with nitre, and borax, and coat 
into ingots. The silvttr in solution is sometimes con- 
verted irito the chloride of Bilvcr by a solution of Mlt 
(chloride of sodium), and then reduced wdlh carbonate of 
*oda or other proper flux. 



APPLIED MECHANICS. 

THIN CYLINDERS. 

To (letcrniinc the tluckness of thin hollow cylinders — 
the internal radius, pressure and tenacity of the material 
being given: 

Mule , — Multiply the internal radius in inches by the 
fluid pressure in ixnmds per scpuire inch, and divide the 
product by the tenacity per sipiare inch of the rnateriaL 

Ejc, — TluJ internal radius of a eyliinler being thirty 
inches, the fluid pressure two liuinlred and flfty pounds 
to the 8<piare incii, atid the tenacity of the material of 
the cylinder twelve thousand pounds per .square inch, 
what is the thiekuess of the cylinder ? 

Cal, 250 X ; 7500 -r 12000 f inch thick. 

A u s. 

To determine the fluid pressure — the internal radius, 
thickness of cylinder, and tenacity of material being 
given : 

Mule , — Divide the product of the thickness of the cyb 
iader and tenacity of the material |)ers(piare inch by the 
internal nuliua. 

Mk , — The thickness of the cylinder being one-fourtli of 
an inch, the tenacity eighteen thousand pounds, and the 
radius six inches, what fluid pressure wdll the cylinder 
stand per square iivch ? 

CaL 1 SOOO X 4 T 0 = 750 pounds, Ans. 
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THICK HOLLOW CVLlNDElta 

To (letormine the tbiekuess of tliick holh»w cylntders 
— the iiiterruil rat.lius»^ the fluiii j>iVf«i<nre, aiul the tenacity 
of the material of the cvlimicr Wing given: 

Hnk , — Subtract one (i) from the t^tpiare root of the 
quotient of the ^:utu an«l ditrerence of llie tenacity per 
square iiu^h of the material of the eyiiiuler and tin* fluid 
pressure per s(piare inch, ami multiply this diirerenee by 
the internal radius, 

J*]x , — The iuternal ratlins of a thick holb>\v cyllTider 
being nine ineheSj the teuaeiiyof the mateilal of the ('yb 
inder ten tliousand pounds^ and tin* tluid pn^wstire eight 
tiiousand pounds pm* square ineh ; what Is tin* requisite 
thickness of the (‘vlinder? 

Cf^l — Sum of tenaciiY aud fluid pressure, lOOOO f 
8000 rr 18000; diOeronee of tenacity and iluid pressun*, 
10000 — 8000 *2000 ; quotient of sum anti diflcremu', 

18000 -2000 -"- OOOO ; square root of <iu<»litMil, 4 te : ;,t ; 
diflcrenee between root anti one (I), a - 1 2 ; pb»<lnct 

of radius aud diilerence, 9x2”;:. 18 iuf*. A ns. 

To d<‘terinine the fhiitl pressure per square ineh which 
a thick hollow cylinder will withstand — the intm-nal and 
totternal radii and the tenacity of the inalerial of llte 
cylinder being given : 

liuk . — Divide the dilfcrence of tlie square?i of the radii, 
and multiply the quotient by the tenacity per square 
in<jh of the material of the cylinder, 
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J&>, — The internal and external radii of a thick hollow 
cylinder being respectively nine inches and twenty-seven 
inches, and tiie tenacity per square inch of the material 
of the cylinder ten thousand pounds, what fluid pressure 
per stpiare inch will it withstand ? 

Scpiaro of external radius, 27 x 27 = 720; square 
of internal radius, 9 x 9=81 ; diflerenee of squares, 729— 
81=048; gum of squares, 121M-81 — BIO; and 10000 x 
048 -i“ 810 = 8000 pounds. Ans. 


IIELATIVE <;ilINl)IN<4 GA1^VCITY OF DIFFER^ 
ENTLY FORMED GRINDING PLATES. 

Ihde 1. — To (hdennine the relative grinding capacity 
of tract ory-fonned plates or mnllei*s : Multiply the differ- 
eiice of the squares of the gveattT radius of the muller, 
and the^radius of tlie opening in the same, by twice the 
greatoivradius, 

Ejc ., — A traetory-muller having its greater radius one 
(1) and the radius of its opening ouedUird (J) what is its 
relative grinding capacity ? 

Cal 1 - 1 = 5; 5 X 2 = V = 1-^78. Ans. 

Mule 2. — To determine the relative grinding capacity 
of flat bottomed or |>lane muller*- : Multiply the differ- 
cm<3e of the squares of the greater radius of the muller, 
and the radius of the opening in the same, by the sum of 
the greater radius and the radius of the opening. 

J&. — A plaiie-miiller having its greater radius one 
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and the radius of its ojietiing oncvthird, wliat is it« rela- 
tive grinding capacity ? 

Cal ; 1 + I- J ; 5 X 1.1852. AllS. 

Jink a, — To (letennine the relative grinding capacity 
of conical plates or nuillers— when tlui height of tlie cone 
is equal to onedialf the greater radius : Find the grind* 
ing effect, as in Uule IF. and multiply tin* result by 1 , 1 18 . 
1,1852 X lJ!8::r;l.a251. AuS. 

FllICTIOy. 

Ist, For a oy!indn<?aI journal, the leverage of the frio 
tion is 8irn|dy the radius of the journal. — 2d. For a flat 
pivot, the leverage h one half the radius of tlu^ pivot. — ad. 
For a conical [»ivot the leverage is e<|ual to the quotient 
arising by dividing one-half the radius of the !»aso of the 
cone by the sine of tlie anghj included between the 
and side of the cone.— 4 th. For Schide's ant|'fri(^tion ” 
pivot the leverage is tiie (uitire ra«liu« of the pfvol. — 5th. 
For a coHar, the leverage of friction is equal to one-half 
the mm of its external and internal radii, ^ 


WATER riPES. 

To determine the veloeity of water per second, flowing 
through long — the head or height of reservoir 

above the point of delivery, the lengtli and diameter of 
the pipe being given : 

Bnle , — Multiply the product of the head and diameter 
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of the pipe in feet by twenty-three hundred; divide this 
prod net by the sum of once tlie length and fifty*two 
times the diameter of the pipe, and extract the square 
root of the quotient, 

JBx , — Tiio head is six luindred feet, the diameter of the 
pipe nine inches, the length of pipe six tliousand feet — 
What is the veloidty of the water per minute? 

Cal — Diameter of piper=q inches 5 feet ; product 
of head, diameter, etc., 000 x 2o00 x .V5 1035000 ; sum 

of length and product, COOO -p (52 x .75) =--0030 ; quotient, 
1035000 -0039 ==171. 3H6 ; square root, i/iTkoHCS == 13.09 
feet velocity j>er second; velocity per minute, 13.09x 
00 = 785.4 feet, Aus, 

To determine the head, the velocity, length and diam- 
eter of pipe being given — (by Tables V. and VI.) : 

Hide , — Multiply the length of the |>ipe in feet by iho 
constant (C) opposite the given velocity in Table, ami 
divide the product by twelve bundred (1,200) times the 
sum of the diainctcr of the pipe in iiichos and the con- 
stant (C) oj»posile tlic given diameter of pipe in Table. 

is.r.W'Tl is required to dt*t ermine what liead of water 
is necessary to force water through 1,500 feet of six-inch 
pipe at a velocity of 180 feet a minute. 

Cal — ^lly Table V., constant opposite velocity 1B0= 
02,13 ; by Table VL, constant opposite diameter 0=.078 ; 
then 02,13x 1500 --1200 (0.078) = 12.77 feet. An«. 

To determine tlie velocity — the head, length and diam- 
eter of pifK? benng given — (by Tables V. and VL); 

Ruk . — Multiply twelve hundred (1,200) times the bead 
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by the sum of the diamelot of llu* pipe and its constant 
found in Table VI., and divide (Ijo product by the length 
of the pipe. Tiie 4iu>lient will be the constant; oppo- 
site which find tlic vtdocity, in Tablo V. 

— Tlie head bving 12.77 feet, the diameter 0 inches, 
and iengih of pipe* l,r»0(» f«‘ct, what is the velocity ? 

Ciii. 1 20(» X 1 2. 7 7 X n,07 H -r I oOO <»2. 1 it constant , op- 
posite constant 02. find velocity IHO feet. Ann. 

The relative tpiantitits <fl* water, wliith will in the 
same time flow e<|»ud distances throtigli straight, curved 
and riglit-ang led pij>cs, are respectively 140, 100 and 00. 


VELOCITY OF STREAMS. 

In a sln'.ain the velocity is gre.atesi at the surface and 
in the middle of the current. To fiml the velocity of a 
river or br<»ok : ' 

JRuk . — Take the rnunber of inches that a floating body 
passes over in one second in the midtile ef the < arrenl, 
and extract its square root; d«»ublc tliis root, subtf'act it 
from the velocity at top and add one (1) ; iIm* resedt will 
be ibe velocity of the slr<*am .at the bottom; urul the 
mean velocity of the stream is equal liic velocity at 
the surface, b^ss the square root of tlie velocity at the 
Riirface increased by flvcMfuitlm of one (.5). 

jSr. — If the velocity at the mrfixcc and in t)>c middle 
of a stream be tliiriy six inchoa a secotid, what in it« 
velocity at the bottom, and what its mean veloeity. 
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Cal, 4/36x25=12; then 804^1^12=23 inches per 
second velocity at bottom, Ans. Then 36 4.5*~6=30.5 
inche^per second mean velocity. Ans. 


WATER POWER. 

The theoretical velocity with which a liquid issues 
from an orifice in the bottom or side of a vessel that is 
kept full, is equal to that which a heavy body would 
acquire by falling from the level of the surface to the 
level of the orifice ; this is nearly eight times the square 
root of the head or distance fallen in ft‘et. The practical 
velocity estimated for the entire oi^cning is considerahly 
less than the theoretical velocity, owing to oblique cur- 
rents and to friction. The oblique currents produce a 
contraction in the vein or htreain. The minimum ti*ans- 
versc section of the contracted win is tlu* plane at which 
the vchk'ily is nearly equal to the theoretical velocity. 
The quantity of water which will he discharged in a c<*r- 
tain time dtpeuds upon the form of the opening as well 
as upon the head. Thus by means of a conical tube of 
t)je form of the contra4*ted vein, the velocity at the open- 
ing or smalliT cud of the tube is nearly equal to the the- 
oretical velocity. The actual \eloi‘ity estimated for the 
entire optming when con*%tructed as ordinarily and not 
large, is fixe and four-tenths the square root of the head 
in feeU 

To determine the velocity with winch water will flow 
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iindw diferent heaSu, mi wader different conditions, see 
Tnblea. 

'JSk. 1,— Let it l>o required to determine the velocity 
with vrhich w*ater will How under a head of six inches 
through an apertimj of ordinary construction. 

C(fl — By Table IV. in the column called “ Square root 
of head,” ami opposite the “ Head six inchos^* we lind, 
.T0711. Multiply this number by h, thus; . 7071 1 x H rr.5.00 
feet per second; ihiti is the theoretical vebnuty. Mub 
tiply the same number by r>.4 ; ,70711 X 5,4 a.S2 feet per 
second; this is the experimental velocity. 

JE>, 2. — Let it be nM|Mire»l to <1< terfiiine the number of 
pounds of wat<*r which will dow in one minute under a 
sixioch head through an apertun? two inches by one 
humired and fifty inches. 

Cal. — The velocity per second, an found above is ;hB2 
feet. The velocity per minute then will be rj.H2xOOrrr. 
229.10; the area of llie opening is l&0x2 -aoo sfjnare 
inches. This exprensed in nquare feet, is aoo r 14 2,0B. 

Multiplying the length of the stream of ^writer, or in other 
w’ords the distance w Itieh the water flows in one niinuto, 
by the area of tin? opening, and we obtain the cnlnc feet 
of tlio quantity of water which will flow out in one 
minute, thus ; 229, 1 0 x 2.0B 4 7 7.4 cubic feet. B v Table 

XIII. we find that a cubic foot of whaler waighn 02.38 
pounds ; henee 477.3 x 02.38:r;29773.54 pemnds. 

Were it now' required to find the powder wditch this 
tvater would exert on a wuter-wheel, wt* should simply 
have to multiply the numljcr of pounds of water thus 
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found by tin; fall in feet; this would give us the tbeo- 
1 ‘elical power in the water. To determine the practical 
power, we Khoiild have to multiply the theoretical power 
by the elhciency of the water-wheel ; and if we desired 
to express the power in units of horse-power, tee should 
have to divide the pound power lluis found by 33,000. 
As a practical illustration, take the common centri? dis- 
eharge-wiieel, and let the fall be forty feet. Tlte elficiency 
of this whe<*l under the most favorable circumstances 
does not ex(*<H*d .00. 'raking the highest efllciency, and 
we have (see Table I.) 20t 73.54 x ti) x .00 - 33000 — 2 1.05 
horst^[»ower. 

To det(U*fnirie how nineli more water will flow undei 
one head than under another: 

Ride. — l)ivid(* the square root of the greater head in 
feet by the sxjuare root of the less. 

JCj \ — ^How much more water will flow' tuuler a three- 
foot head than under a. six-inch lu’ad? 

C*th — Uy Table IV. w e find the srjnarc root of the tiiree- 
foot head to be 1.73205, and the s<)uare. root of the six- 
inch head to be ,70711. Then 1.73205-^,70711—2.45 
times as mmdi. Ans. 


WATER-WHEELS. 

Water, as a j>ower or force, is e.xerted on water-wheels 
by Us weiglit and by its impulse. Weight and impulse 
are combined on the overshot and breast-ivheels. llie 
theoretical work aceompltshed by weiglit is the product 
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of its force and t)t<‘ vertical distatice through which it u 
cxcrteiL The theoretical work ftcoom|>U!^hcd by impulse 
is the product of the fi>ree produced by the \vi ight of the 
flow of water and the vertical height or head iuHH‘»sary to 
produce the velocity with which the weight moves. 

The available work depends not only upon tlic mag- 
nitude* i>f the foree excrtcil, but upon the direction of 
that force in reference to the direettion given to the 
resistance ; also np<m the form of the Ibmts or buckets 
of the w heel, iViction, losses by leakage, ete, 

Tlie velocity, per se<*oiel, of the ov<‘rhhot wheel at its 
circumference slould be about six feet; wliieh is due a 
head of two feet threi* incht'S. The v(»rlical distance fnnn 
the centre of the opening in the gate to the surface of 
llie water in the flume or reservoir is termed tin* ^Miead,” 
and the vertical distance from the centre of tfie opening 
in the gate to the lower «*dge <»f the wlteel, the ** fall.*’ 
To fiml the horse power <»f varioUH water- wheels : 

Jlute , — Multiply the product of the cot'fltc'^ent (see 
Table Vll.) opposite the given head, the art‘a of the open* 
irig in the gate in s^juare inches, the entire liead in feet 
(in ease of the overshot or breast, the In ad by 40, and 
the fall by by (lie eflicieney of the class of wheel, 
pointing off* six figures as decimals, 

1, — The dinuMisions r»f a jJtream arc two inches by 
tw*o hundred inches, the head two feet three inches, md 
the fall ten feet ; what i« its horse-power applied to a 
breast w'h<*ei f 

C&L 2 y 200:=. 400 i*f|u are inches gate opening; coef- 
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fieicrit, by Table VIL opposite 2 feet 3 inches =64; effi- 
ciency, by Table IL arising from impulse =40; efficiency 
by Table IL arising from weight =7B; head 2 feet 3 inches 
= 2,25; product of efficiency and head, 2.25 x 40 = 90; 
product of efficiency and fall, 10 x 78 = 780; sum of prod- 
ucts, 780 + 90 = 670; thou 870x400x04 = 22.27 horse- 
powe?’. A ns. 

2 — The dimensions of the stream are ten inches 
square, the head twenty-five feet; what is its horse- 
power ajjplied to a goo<i turbine? 

Cah — S<|uare inches in opening, 10x10 = 100; coeffi- 
cient by Table Vll. for 25 feet=213 ; efficiency by Table 
11. of turbine, 08 ; then 100 x 213 x 08 x 25 = 30.21 horse- 
powx^r, Ans. 


STEAM POWER. 

Steam, as a force, acts by elastic pressure. The law 
that, in Compressing a perfect gas the vidames occu- 
pied by a given quantity arc usually proportioned to 
the pressures, dc»cs not hold good in relation to saturated 
steam. 

By Table VIII, it wdll be seen that the volume of steam 
under a pressure of thirty pounds to the square inch pro- 
duced from a cubic inch of ice-cold w ater is eight hun- 
dred and thirty-eight cubic-inches, while under a pn>ss* 
nre of ninety pounds to tlie square inch the volume is 
tivo hundred and ninety-eight cubic inches. Thus the 
mtao of the two pressures is as 30 to 90 or as 1 to 3, 
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wlille the inverse ratio of the respective volumes of steam 
is as 1 to 2*B1, The mechanical etfect deduced from the 
above data is as follows : 8:SB x ao -r and 20B x 

90-r 12~"22ad ; 22,'i5 — 209.5:=r 1 40, difrereiice of mechan- 
ical effeets, and 140-2005^*0008; showing an advan- 
tage, all other ihitigs being equal, of nearly seven per 
cent, in favor of using steam at tlui higher pressure* 

By Table IX. for estimating t!»e mi‘au pressure of 
steam for a given cut-off of stroke, the eoefbeient for oms 
fourth cut-off is 572 in the unjackete<l (‘ylinder, and 582 in 
the jacketed cylinder* The ealculathm on this data shows 
an advantage of one and three fourths of one per cent* 
in favor of the jacketed Under for tlie given cut-oTof 
stroke. 

Thu back pressure of steam in tljc cylinder of an en- 
gine of ordinary structure is found by exptulenee to be 
al>out four pounds to the square inclt above the alinos- 
pheric pressure ; jLlte velocity e»f pisltui being three hun- 
dred feet per iniiotte. But in the best engines (>f modern 
construction, the back pressure is frequently below f>nc 
pound, with ever? higher speed.s of piston. It is also found 
tliat the excess of the baek pressure above the atmos- 
plieric pressure varies nearly as the velocity of the piston. 

To find the mean pressure of steam for a given cut-off 
of stroke : 

Muk , — Multiply the excess of th<^ pressure of steam 
above the atmoKpherie pressure, per square inch, as it 
enters the cylinder, by the tabular cocfllcient ojqxmitu 
the given ctit-ofi', pointing off three figures as decimals, 
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and deduct from the product the tabular correction for 
the same cut-oif. 

— With steam entering the cylinder at a pressure 
of ninety pounds to the square inch, atid cut off at three- 
tenths stroke, what is the mean pressure ? 

Cal — For unjacketed cylitnler. By Table IX. the eo- 
efUcieut for stroke =.G39. Oirrcction for saine = 5.30t. 
Then .039 x 90:= 57.5 10; 57.510— 5.307-52.203 pouruk 
Ans. 

Cal — For jacketed cylinder. By Table IX. the coefii- 
cienl for stroke is— .018. Correction for samc=:5.174. 
Then, 048 x 90 = 58.320; 58.320-5.174=53.110 pounds. 
An 8. 

The “ indicated ’’ jK>wer of a steam-engine is eqtial to 
the product of the area of tin? j)iston in inches, the 
pounds pressure of the steam per square inch, and the 
distance travelled by the pist(Ui in one minute. The 
effective j'owcr in excess of back pressfna% loss and cott- 
densation in welbconstructed eugiJics is usually about 
ciglily-four (.81) one hundredtb of the indic.atod or theo- 
retical power. The nomiual power bears no fixcMl relation 
to the indicated, nor to the effective power. In eabnila- 
ting the nominal jiowcr, the mean effective pressure in 
low pressure engines is assnnu'd to l>e seven (7) pounds, 
and in high pressure engines twenty-one (21) pounds. 
The nomitial velocity of the piston, whether in high or low 
pressure engines, is 128 times the cube root of the stwke 
in feet. The range is from 120 to 300 feet per iniinUe. 
Ill practice the pisloit not unfrequcnlly is made to travtd 
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900 feet aixl upwards a minute. Experience has detei^- 
mined no Hmit beyond which it cannot be run with 
advantage. 

The total heat of combustion estimated in pounds of 
water raised T’ Fahv, is 14,500 times the weight of fuel 
— pure <‘urbon. This is ecpilvnlent to 11,104,000 foot 
pounds of work pt*r poumi of fuel. It is also etjui valent 
to 90(5 times the weiglit of water whieh (he same fuel 
will evaporate from 212 ' Fain*. In |>raetiee, not usually 
over six per cent, of this immense expemlituiv of jjcat is 
econoini/cd, J’b*om five to s<‘ven poumls of coal, or fi'om 
20 U) 30 pounds of pine wood, ordinarily are allowcal to 
the horse-power per hour. Hut in the best example.^ of 
modern }>ract'u‘e a horse-power per hour, with an expend- 
iture of fn»in three to four poumbs of good coal, is not 
unfrequeiil. The Habeoek Wilcox engine in the Druid 
Mill, near Ibiltimore, devclojrs power for 2/21 pounds 
of chestnut coal per liorse-power per hour, whicti is prob- 
ably the }>eHt result yet attained in station engines. 
It may further be remarked tli.ai in praetiee, <‘ach 

nominal liorse-jjower, a b<d1er n'f|iiires cuie cubic foot of 
water per h<»ur, one square foot (if lirt‘-gra(e suriaee, ono 
square yard of heating surface, one cub<? viiimI ea)»aeity, 
twenty-eight inehes flue area.” Or for <‘aeh nominal 
horsc-pow<T a tubular boiler, working to about double its 
nominal horse-power, requires one cuibie. f>ot of wut# r 
per hour, ten square feet of healing fturfttce (the wliole 
tube surface being taken as effective), one-half sqtiare 
foot of fire-grate, ten square inches fectioual area of 
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tii^s^ thirteen square inches flue area, six square inches 
t^imney area, eight cube feet total boiler capacity and 
two cube feet of steam room* 

The diameter of two cylinders being the same, for 
instance, six inches each, and the length of stroke of one 
ten inches, and of the other fourteen inches, the power 
of each, theoretically, will be the same, the velocity of 
piston being the same. In practice, there is a slight, and 
but a slight, percentage in favor of the longer cylinder. 
In two cyliiKlt‘rs, one being ten inches and the other 
twelve inches in diameter, and each twenty-four inches 
long, and their pistons run under the same pressures per 
square inch, and at the same velocitk^s, their inside rel- 
ative friction would be as 25 to 30, ami aside from this 
small difierence, their relative powers would be as 25 to 
36, Again, in two cylinders, one sixteen inches and the 
other twenty inches diameter, each forty-eight inches 
long, run under similar cireumstances, the inside relative 
fiictbu wMl be as 100 to 125, wliile their respective 
powers Will boas 100 to Tins small diSerence iu 

friction, as comj»ared to the whole, is not generally taken 
into account 

To find the ellective horse-potver of a non-condeusiiig 
steam-engine : 

Mtik , — Multiply four time« the square of the diameU^r 
of the piston iu inches by the proiluct of the number of 
revolutions, length of stroke in feet, and the average for- 
ward pressure of steam in pounds per square inch above 
atmosphere, pointing off five figures as decimals* 
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is the effective horse-power of jtn engine, 
the diameter of the piston being sixteen inches, the 
length of stroke three feet, the number of revolutions fifty 
per minute, and the average forward pi-essiire, above the 
atmospherie pressure, seventy-one pountls per square inch. 

Cal 10 X 10 X 4 X 50 X 3 X 71 == 100 . 05 . 

jfcir. 2. — What in the effective* horse-power of an engine, 
the diamettM* of the piston being twelve inches, the length 
of stroke two feet, the pressure of steam as it enters the 
cylinder sixty pounds in excess atmospheric pressun*, 
cut-off at onedmlf stroke, and making sevciify-fi\e re\<»- 
hit ions per minute V 

By Table IX. roeOicient for 4 stroki* corn’c- 

lion for saiiier* 2.455; . on 40.0HO, in.0‘'0r- 2.45.5 »• 

47.525 avoiMge [ircs^nre. Tiion 12 * 12 ^ 1 ^ 17.525 - 2 « 

75 -08,551 iKUhC-powei*. An**. 

/ 
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67yccr/nr ban for its fonnula Xj Ih which 
by eomjiosition i.s carbon 17.no, nitiogtm lU.Ul, .^-ydro- 
gen 2.30, oxyg<*n tui no, 

Prf}}ar</fiofL — Syrup of Glycerine is slouly dropped 
into a mixture cornposed of equal vnlumcH of nitric and 
sulphuric acids contained in a strong vessel surrounded 
by ice. The mixture is thoroughly agitated after each 
addition of the syrup. The iiitro-glycmne of an oily 
form is removed from the surface and repeatedly washed 
with dean water. It is sometimes dissolved in alcohol or 
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ether, an l precipitated with water. The only precaution 
necessary in its preparation is to keep it cold. 

Propertim . — It is a pale yellow liquid, heavier than 
water, inodorous when pure ; has a sweet, pungent and 
aromatic taste. It is poisonous, producing headache 
when placed even in small quantities upon the tongue, 
or when its vapors are inhaled. Its explosive power is 
about ten times that of ordinary blasting powder. It 
explodes when pure and at a moderate temperature by 
concussion alone. ‘It is soluble in }>yroUgneous acid, and 
W'hen in solution is not explosive. Water precipitates it 
from its solution. 

Advantages. — 1st. It requires a smaller hole than gun- 
powder, — 2d. It obviates tamping, as water is employed 
to fdl the holes, — 3d. If used extensively it tvould be 
cheaper than gunpowder. — 4th. It may readily be ex* 
ploded III water. — rMli. It can ea.^ily be manufactured at 
the mint or |>laec where it is to be used. 

PUadJ^aniages . — 1st. It (when pure) (*\plode.s V>y con* 
evififtion alone. — 2d. It (when impure) is liable to explode 
spontaneously. — nd. It explodes at a temperature of 300"^ 
Fahr. — 4lh, It is poisonous, as also are its vapors, thus 
rendering its use impracticable in narrow subterranean 
workings, especially if they are not well ventilated, 
Howevet*, wdieii it is bettc,. understood these disadvau* 
tages may be removed. 
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TABLE 1. 

Showing the velocities of various water- wheels a« 
compared with the supply velocity : 

Uudershot and low breast, at eircumh-rence <50 
Turbines, at the middle of ring of bu»‘kets. . <65 

lioaetitm, at cinnimference 07 

Central discharge (corniaon) 60 

Overshot, at circunifereucc 50 

TABLE 11. j 

Showing the average eftieiency of various waybr-wheels 
running under favorable circumstances as foiAid )#y ex* 
pericnce : \ 

Undershot, having fiat radial floats \55 

Poiicelet, improved undershot, , , . 00 

Turbine (for e*v'aniple Joiivai) .69 

licactioii (for example the Scotch Turbine). .00 

Central discliargc (common) 55 

Overshot and Breast (that part of fall act- 

ing by weight) 78 

Overshot and Breast (that part of fall act- 
hig by impulse) 40 
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TABLE III. 

ShoB'ing the relative velocities with whicli water, un- 
der a constant head, will flow throutjh diflerentiv ri>niu‘d 

/ jO •K 


apertures : 

Theoretical velocity =8. 

Velocity ihrougli a thin plate =r5. 


Velocity througli a tube two or three di- 
ameters in length projected outward =:=G. 5 
Velocity through a tube of the same 


length projected inward. :=:-.:r».4r> 

Velocity tbrough a conical tube of the 

form of the contracted vein — 7.0 


T.\BLE IV. 


For estimating the velocity with which water wil’ flow 
under a given head, or a body fall from a given heiglit ; 


1 

Sq. Iloot. of 
HcAd. 

1! 

YV^ll 

i 

Sq U.M>tOf 
Hottd. 

*? 1 Sq. Root of j ^ 

:s i UoHfj. ! s 



Sq. H*'Kq of 
lictui. 

ft. In. 

X 

.28867 

n. in. 

2 4 

*•5*75* 

ft. ; I u. 

5 1 2.23607 j 32 

5-65685 

2 

.40S25 

5 5 

*•53456 

6 ; 2 . 44<)49 33 

5-744.56 

3 

.50000 

2 6 

1.58114 

7 2-64575 i 34 

5-83095 

4 

-57735 

2 7 

1.60727 

8 , 2.82843 1 35 

5.91608 

5 

.64549 

2 8 

1 *. 63:;9 

9 ; 3.00000 j 36 

6,00000 

6 

■707*1 1 

2 9 

1.65831 

lO 1 3.16228 ; 37 j 

6.08276 

1 

.76576 ! 

2 10 

1.68325 i 

II 1 3.31662 ; 38 1 

6.16441 

a 

.81744 

2 III 

1.70782 1 

1213.46410139 

6,24500 

9 

.86602 

>3 o| 

*•73*05 ! 

*3 ; 3-60556 j 40 ! 

6.32456 

10 

•9**87 

13 X 1 

*•75589 

: 14; 3.74166 14s 

6.70820 

SI 

.95743 

3 » 

1.7795* 

' *5 3-87293 50 

i 7-07*07 
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/r. CAmtinued. 



1 

» 

Sq 

i 

•c 

Sq Knot of 1 
Head. 1 z 

i *cf i 

Sn . ftmit of ; f 
thud, i a j 

Su, 

ihmi 

ft 

ifu 

1 n 

in. 

i ’■*- 

1 ft. 1 


t 

O 

i.ooooo 3 

3 

1.8027S : lO 

4.00000 ' 55j 

7.41620 

1 

X 

1,04084 3 

4 

1. 82574 17 

4. 12311 ! 6oj 

7-74597 

1 

2 

1.08012 3 

5 

1.8484^ 18 

4.24264: 70I 

8.36660 

1 

3 

1 . 1 1 tSo3 3 

6 

1.87082 19 

4 - 35 ^ 9 *^ ! 

8 - 944*7 

X 

4 

« « 546 y ,} 

7 

1.89297 ; 20 

4.47214 1 90j 

9'48j83 

1 

5 

1.19024 3 

a 

I,<;I4«5 , 21 

4.58258 loo; 

10.00000 

r 

6 

1. 22474 3 

9 

1.93949 !; 2 2 

4. <>904; '125I 

II. 18034 

X 

7 

1 3 

10 

i 1,(15789 • 23 


12.24745 

I 

8 

1.29100 i 3 

I r 

1 1.979^9, 24 

4..S989.S 1 75| 

13.22<S76 

] 

9 

1.33288 4 


1 2.00000 ■ 25 

5.00000 2001 

14.14214 

1 

lO 

i.354ov> ' 4 

1 

; 2.02072 26 

5.09902 ’225! 

1 5.00000 

1 

II 

1.38444 : 4 

2 

2.04124 ; 27 

5.19615 250; 

15.81 139 

2 

o 

1.41421 ; 4 

3 

2.o<h56 i 28 

5.29150 300; 

17.32051 

2 

t ; 

: ! 4 

4 

2.08167 i 29 

5 -. 6 '^.r 7 b 400; 

20.00000 

2 

2 

1 I. 47 ly 6 i.t 

5 

2. 1 01 59 ; 30 

5.47723 '500; 

22.36068 

2 

3 I 

I 1.50000 I 4 

6 i 

2.12132 ■ 31 

5.56776 Ooo'i 

24 , 4949<5 


TABLE V. 


Showinof hca^ls of wat<'r to loaifitahi dif- 

fcreitt VdlfKjltii'H of wat«*r in ouo huihlroil fv<’t of iopt^: 


V, 

1 

1 

; 

(• 

|i '• 


60 

70 

80 

8.62 

1 JI.40 I 

*4-58 1 

? 

} 90 

j 100 i 
; 120 1 

1795 

21,56 

29.70 

ji 

1 '40 
|i » 5 o 1 

;! j8o i 

li 

38.90 

44.00 

62.13 


V* ro{>reS€*rits ihi^ velot'iltes in f<K't per iniinite. C 
represents tbe constant mirtibers for these vt locities. 
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TABJ^E VI. 

Showing the constant numbers for different diameters: 


B. 

c. 

1). 

a 

B. 

c. 

4 

.028 

6 

.078 

8 

•134 

5 

•053 

7 

.104 




D. represents tlie diameter of the pipe in inches. C. 
represents the constant luirnbers for the diameters. 

TABLE Vir. 


Coefficients for estimating the horsc*{>ovver of water- 
wheels : 




- i 




i 








fa 

1 1 
1 1 



g 

i 



» 

4 ' 


1 

t 


xs 

t 


c 

i 

*0 

t 


1 

0 

1 


a 


c i 

ti 


0 

1 

=; 


0 

... '** 

c 

fi. 


i 

ft. 

hi. 


j 

ft. 

iu. 


i — 

i ft. In. 



I 

12 1 

I 

7 

54 

\ 

3 

2 

70; 

9 0 

»38 


2 

17 ; 

» 

8 

55 


3 

4 

78 1 

i JO 0 

*35 


3 t 

21 1 

1 

9 

56 

i 

3 

6 

80 { 

1 12 0 

1 48 


V 

25 : 

I 

10 

58 


3 

8 

82 1 

; J4 0 
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5 

28 j 

j I 

11 

59 


3 

10 

841 

I 16 0 

* 7 * 


4 

30 1 

1 2 

0 

60 

ii 

4 

0 

85 ! 

: 20 0 

19 1 


7 

33 i 

! 2 

I 

62 

1 ; 

4 

3 

88; 

! 25 0 

2*3 


8 

35 1 

1 2 

^ i 

<>3 

M 

4 

6 

90 1 

1 30 0 I 

233 


9 : 

37 

1 2 

\ 

3 ' 

I 64 

ii 

4 

9 

93 ! 

i 36 0 ; 

256 


10 

39 

i 2 

4 

i ^5 

{': 

5 

0 

95 ’ 

i 49 0 

298 


11 

41 

i 2 

5 

66 

j ! 

5 

4 

98 

1 64 0 

34 * 

1 

0 

43 


6 

/»7 

; ; 

5 

8 

101 

ii St 0 

3S4 

1 

I 

44 1 

1 2 

7 

b 9 

i' 

n 

6 

0 

i *04 i 

1* 100 0 

426 

I 

2 

46 ! 

1 3 

8 

70 

ii 

6 

6 

j *09 

f; I2I 0 

469 

t 

3 

4S i 

:j 2 

9 


i f 

7 

0 

1 na 

i: 144 0 

5** 

i 

4 

49 i 

ij 2 

10 

1 72 

ii 

7 

6 

1**7 

|;i69 0 

554 

i 

5 

5 * : 

' ' 2 

li 

i 73 


a 

0 

; 121 

■ ; 196 ,0 

597 

1 639 

i 

6 

5 ^ ; 

1 ! 3 

0 

; 74 

il 

8 

6 

lifi 

;|235 0 
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TABLE VIIL 

Showing Uio j»ressurt*j*, ti*nij»rraluri?s and volumca of 
:eam. 





P. 

T. 

-Til 

r 

T. 

i V, 

t 

r. 

102.1" 

2O5H2 j 

60 


4 .??! 

iSo 


i »ss 

5. 

162.3 


^>5 

298,0 

40s ■: 

190 

377-5 

I >4 

10. 

10.1 .5 

235^ i 

70 

302.., 





14.7 

2 12.0 

1642 i 

75 

307 5 




!> 3 S! 



1610 j 

Ko 

3*2.0 

. 5 . 3 .^ : 

220 

3 ^^ 9-9 



i22<) i 

! <)o 

! 320,2 

i . 

\ 23 <^! 

393-8 




, 

' roo 

i 327.9 

1 270:; 

i240| 

397.5 




i 

T 10 

334 *b 

i 2471 ' 

! 250*' 

401. 1 




?26 : 

I 20 

341. 1 

' 227 |i 

i 260 , 

404.5 


I40. 

! 267,3 

640 1 

*35 


i 203 i| 

I-70! 

407.9 


145 - 

\ 21 A -4 I 

572 j = 

150 

! 3 . 5‘^*3 ' 

! * ^4 ' ! 

1 2H0 ! 

\4 


[5^* 

i 2 »I.O 1 

S>«|; 

^<>S 

! 366.0 

1 * i ^ 

i 300 

\ 4 'i 7‘5 



REsfAiuc.^ — la the above table, P. d* tjoIcb the total 
pressnre in poundjjt jut F<|uare inoh ; T* the* in>rreJS|»ond- 
ing temperature, Fabr. ; ami V. the volume of the Bteam 
compared to the volume of the water that hat* produced 

it. 
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TABLE IX. 

For estimating the mean pressure of steam for a given 
cut-off of stroke : 







TJALia. 


m 


TABtE X. 


scorn OF WATEB-CorBSK BEDS. 


J fool i>i'r second will 


j it ii a 

2 (eel “ 

Z u << <* 

^ *t « (( 


scour fiue 
“ “ saiui 

** coarso Mhd* 

<1110 gravel. 

round uliinglc one inch dkm. 
** angular atones, bixo of an egg. 
“ conglorncmte. 


TABLE XL 

MEASUKES OF ROCaC, EARTH, ETC 

25 cubic feet of aan(l:==l ton. 

IB cubic feet of earthrr] ton. 

17 cubic feet of clayrr. 1 ton. 

1.1 cu)»ic b'Ct of qtiart?:, utibroken in locle^r l ton. 

18 cubic feet of gravel or earth, before digging 7 cubic 

feet when dug. 

20 cubic Let of quartz, broken (of ordinary fineneini com* 
ing from the lode)::=:l ton contract measurement. 


TABLE XTL 

nARHNEftS OF MI.VERALS— MAr*f>(’AtIS. 

1. Tale ; common laminated, Hghl-green variety. 

2. Gypsum; a crvfttaHiz<*cl variety. 

3. Caleanwis spar ; transparent variety. 



m 


Qvxmx opKBA'ron^B iukh-book. 


4. Fluor-spar ; crystalline variety, 

5. Apatite ; transparent variety. 

5,5 Seapolite; cryatalline variety. 

0, Fcl«k[)ar ; white cleavablc variety. 

7. Quartz; transparent. 

8. Topaz; transparent. 

0. Sapphire ; eleavable varieties. 

10. Diamotnl. 

JVbte. — Care must be taken to apply the file to etigea 
of ccpial obtuseness. 


MISCELLANEOUS XIIL 

5700 grains r=l pound troyrsl pound apot!»ecary 
4B0 grains = 1 ounce troy=l ounce apothecary. 
lUt ounee.Wl pound troy— I pound apothecary. 

7000 grains— I pound avoirdupois, 

437.5 graiiYril ouiux* avoirdupois. 

16 ounces avoirdupois— 1 pound avoirdupois. 

252.458 grains — 1 cubic inch distilled water, English stan* 
dard 62^ Fahr., Imromcler at 30 inches. 

2r>2.t!r93 grains — 1 cubic inch distilled water, TJ. S. stau* 
d.ird 30.83^ Fahr., Imromcter at 30 inches. 

27.7015 cubic inches distilled water =r.l pound avoirdu- 
pois. 

1 cubic foot distilled water=62.37029 pounds avoir* 
dupoia 

Ekhauk, — I n ordinary calculations a cubic foot of 
ffcab water is taken .at 62.5 pounds avoirdupois. 



TABLES* 


m 

1 cttbio foot of lalt or water pounds avom 
dupois. 

231 cubio inelu‘5=:^S.3S8S22 pounds avoirdupois-:! gallon 
lu S. standard. 

277.274 cubic inches:-- 10 pounds avoirdupoig*.:^;! gallon 
iinpenul. 

221.184 cubic inches *'-S pounds of pure water at its miu* 
inuun <icnsiry:-l galb)n N. Y. statute measure. 
2 I 0 O .12 c*ubic inches ^;.-77.02741 a pounds avoirdupoisrr: 

I huslu'] U. S, standard. 

Uemavuv, — T lie dinicnskins of the Imsliol me.asure are 
18.5 inches diameter inside, 10.5 iiM'hes outside, and 8 
inches detfp ; and when heaped the cone must not bo less 
Uian <3 inches high, espial to 2747.7 culnc inches for a 
true cone. 

2211.84 cubic inebcsrtMO pounds of pure %vater at its 
maximum densiiv — I bushel Slate of Xcw York 

rr $ .04'nK3|pa mint value. 
.0020n;m 

--X .00005»5 “ 

- 2b.0717iH 

r- 1.292020 

-r .02?^571 ** 

Remark. -—G old and silver, pure, are said to be 1,000 
line, or 24 carats fitie. 

The standard hnenes.s of the United States coin is 000, 
or 24 x,900=: 21.6 carats 


staiidard. 

1 grain gol<l 1,000 line 
1 grain silver 
1 grain cop})er 
I oinure gol/1 ** 

I ounce jiiilver 
I ounce copjHT “ 



QUAETZ MrS'IN'G MACHINEET, 


The undersigned would respectfully state that he ia 
j)re))arocl to nianufacturo and furnish at the lowest prices 
all kinds of Quartz Mining Machinery ; to superintend 
its erection ; to furnish drawings, specifications, and 
esiiinates for the same. Also to visit, surv’ey, examine 
and report on mines with a view to their character, 
probable value, and the best melliods for their devel- 
opment atid t^c working of their ores. 

r. M. Rakoali., 


44 Courtland Street, New York. 



SCIENTIFIC BOOKS 


FUBusnso nr 

D. VAN NOSTRAND, 

JI3 Murray Street and 27 Warren Street, 

NEW YORK. 


Any Book in tkii Catalogue, Beat £ree by mail on receipt of priot. 


W<'ishru‘h*s Mo<*han ion. 

Fourtli Edition^ 8vo, Cloth. $1000. 

AHakual or I'uKonFiirAT* Mkcha.vics* % Julius WVinbach, Pb, 1>. 

Tran!»lttt»»d from lh<* fouitb uuirmont***! aiul im|»iH>vnl (ionnan edition, 
with an iulroductiou to tl. s Calculus, by jMhl<*y IJ Coxc, A. M., 
Mining Kugiuecr. IIOU pages aiul 0U2 woa<i*cut ilhiatruiiou*. 

PraiuMs* Ij<>\v<*U 1 1 y<h*au]k*rt. 

Third i:»bUon. 4t(>. Cloth! 

VowKLL HrnnALn.ic Exi'Fiumknis— a Selectuy from Experi- 
ments on Hydraulic Motors, on the Flow of WuUt ov<*» Weirn, ami in 
open Canals of Ijiiform liccfaiigular >i<vtiou, made ab I/>w<dl, Maw. 
By IE Francis, Civil EugitHH^. Third edition, rovised ami enlarged, 
including many New Experiments on Ganging Wat<*r in Canala 
and on the Flow through StibimTgcd fhificcs and l>ivcrgi«g Tubes. 
With 23 cojipei^datcss, beautifully eugrdved, and al»out 100 o«w pagee 
of text 


Kirkwood on Filtration. 

4to. Cloth. $15 00 . 

iipaiiT OM rnm Filtuatioji or Rivrn Watkrs, for the Supply ol 
Citdex, as practised in Kurof>e, madc^ to Uie Board of Wator Commie 
skmnta of the City of Si. i/>ais. By Jamrs F. Kinxwoor. IBeilrta' 
M Ijy SO double-plate etigraringa. 



I 


scmufTmc boors pubusssb or 


Rogeir’ Geology of Ponnsylvania. 

3 Vols. 4to» with PortfaUo of Ctolh. $30,0Ql 

Tub CROi.oaT of l*KXNftYLVA??rA. A Government Survey* With a go* 
eral view of the Geology of the Unito«l States* Essays on the Coal For- 
mation and its Fossils, and a description of tlie Coal Fields of North 
America and Great Britain. By IIenuy Darwin [tOGEttS, I.>ato Stall 
Geologist of Pennsylvania. Splendidly Ulustrated with Plates and En* 
(yawings in tlie Text 

MorriirB Iron Truss Bridges. 

Tlilrd Edition. 4to. Cl^Ah. $5.0a 

iBON Truss Bridges for Raiuroads. The Method of Calculating 
Strains in 'rrusses, with a careful conitmison of the most prominent 
Trusses* in reference to economy in combination, etc., etc. By Bvt. 
Col Wi;.LrAM E. Mkruiul, U.S.A., Corps of Engineers. Nine litho* 
graphed plates of illustrations. 

Slirovo oil Bridges and Roofs. 

8vo, 87 wood-cut Ulustratious. Cloth. $5.0(X 

A Treatise on thr Strength op Bridges and Roofs — comprising 
the detenainalion of Algebraic formulas for Strains in Iloriaontal, In- 
clined or Rafter, Triangular, Bowstring, Lenticular and other Trusses, 
from fixed and moving loads, wdili practical applications and examples, 
for the use Students and Engineers. By Samuel If, Shrevs, A. H , 
Civil EngimfCr. 


The Kansas City Bridge. 

4to. Cloth. $n.oo 

IFite an Account or the l%EGiMr.N or tre Missouri River,-— and 
a description of the iMvtlioc s iis#*d for Founding in tliat River. By O 
Chatiute, Chief Engineer, and George hforison, AKsistant Engineer 
Blnslratcd with live Uthograpbic views and twelve plates of plans. 


ClarkrV Quincy Bridge. 

4ti). CkAi, 87.50. 

r*a4Mmtt>TtoN or the Iron Railway. Bridge across the MlssMppi 
Hitor at Quincy, Illinois. By Thomas Curtis Clarke, Qiief EniSaefir 
Bh twenty-one lithograplu'.l plor i. 
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Whipple on Bridge Building;. 

|i|[«w «dltloa. 8ro. lUuiitmtwt ClcitK. $1. 

At* EtiMEyTAiiY and Tracyicai. Trkatisk ox Brioqr Bt7aoixt< 
By a Whipple, C. K. 

lw{X>riia foho. $i!.^0a 

Cotta AXO SnotiT Span Uailway Bkibgi'a. By John A« BoebUl^t 
C* E. With largo coi)jw*i plate pngia\tngi of ])laiie and riows. 

I^uboln' Oi‘aplH<‘al 

$to. OOlUuhtntiona noth, ft! vi 

Thr Nkw MatnoD oy GuAPHiCALBrAiica. By A, J l)ul>oi«» C* K.| 
Fh.0. 

iZtUiyV Ch‘a])hi<*al Statu'r-. 

8vo, Illu«ilniU‘d. Clotli, f 1 *10. 

Nbw OoxsTLicTio.Nh Otupiiu^T Sf\n(b. Ty IVof ITrnry T. 
Eddy, C. E., Eh. 1) With Un ongiaviuga in toxt and ulna 
folding platoi. 

Bow on Ura<*in^. 

ISO UlfiKtnttione ou Sunie. 3^ o Cloth. $1 *10 

A Treatise ox Braoixo, — vvith it«i applioatiou to Urnlges and oihiMr 
Structures of Wood or Jnm. By H» ury Bow, 0. K. 

Stoney on 

Kew and Bsrlaed KdiUon, aiili ntirt.e>iniK (IltiAtnitlotui. lio;i»at &fH m 
Cldill. 1.1.00 

TreThkort of Straits ts and Similar Structuren, with 

Obserraiions on the ApiiIn%'ilioij of Th#*ory to FraHlce, and Tables of 
Sireiigili and other X'ropf rties of Mah'rials. By Blndou B. Stone|ry 
B. A. 

HenricrH Skelulon 8tructui*e«. 

$vo. Cloth. Also. 

SniLxrox Structures, especially in th<dr AfipltcaUon to Uto hoMiog 
oi Steel and Iron Bridges. By Olav» ilEXxicf, 
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Surglx’s Modem Marine Bngineerins. 

One thidc ito voL doth. $2S.Q0. Ball morooca $d0.00. 

tl 01 >itim Ma»}NK EN"n?Kt;KiNO, applied to Paddle and Screw Propol* 
eioD. Consisting of 06 Colored Plates^ 259 Practical Wood*<mt IUa» 
trations, and 403 pages of Bescriptive Matter, tlie whole being an ex- 
position of the present practice of the following limis: Messrs. J. Pena 
& Sons; Messrs. ]Maudsla 7 , Sons k Field ; Miissrs. James Watt & Co. ; 
Messrs. J. k G. liennie ; Messrs. K. Napier k Sons ; Messrs. J. k W. 
Bodgeon ; Messrs, llavenhill & Hodgson ; Messrs. Humphreys & Ten- 
ant ; Mr. J. T, Spencer, and Alcssrs. Forrester & Co. By N. P, Bottom 
Engineer. 

Kiii^^’s Notes on Steam. 

NinetdiUitti Edition. 8vo. $2.00. 

Lsbsoxs and PiiACTiCAL KoTEs OK Steam, — the Steam Engine, Propel- 
lers, &c., «&c., for Young Engineers. By tlio late W. R. Kikg, U. S. N. 
Revised by Chief-Engineer J. W. King, U. S. Navy. 

Unk and Valve Motions, by W. S. 
Ancliincloss.. 

Sixth Edition. 8vo, Cloth. $3.00. 

Application of the Sui>k Valve and Liiih Motion to Stationary, 
Portable, locomotive and Marine Engines. By William S. Acemx- 
CLoss. Designed as a hawd-l)Ook for Mechanical Engineers. Dimen- 
sions of the valve are found by means of a Pi luted Scale, and proper 
tionsof tlie Unit determined the assistance of a model. AVith 

37 wood-cuts and 21 lithographic plates, witii copperplate engraving of 
the Travel Scale. 

Bacon’s Steam-Bng^ine Indicator. 

12mo. QoUi. $1.00 Mor. $1.5a 

A Tbeatxsb oh the Ricixabds Stkam-Ekgikb InmcATOR, — ^with 
directions for its use. By Charles T. Porter. Revised, with notes 
and large additions as developed by American Practice, wiUi an Ap- 
pendix oontaming useful fonnulie and rules lor Enginoers. By F. W 
Bacon, IL E., XRustrated. Second Edition. 

Isherwood’s Kn^neering Precedents. 

Two Tols. in One. $vo. Cloth. $2JM1. 

BHoiHEimxKO pREOEOEKTB FOR Steam MACtirKXRr.^By B. P Isiimi- 

WOO!0, Chief Engineer, 0. S. Navy With iBustratloo*. 
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Slide Valve by Bccentrics, by Prof* C. W. Mac* 
Cord. 

ito, nittiitratdd. aoth, $3.00 

k Peacticai, Tbeatisk os tiik Sudk Valve «t KccESTEfcw*-**; 
«ciimluing by metbocls the action of the Et?centrio ujx^ii tlie Blid« 
Valve, and explaining the practical processes of laying out Uie movemen^ 
adapting tiie valve for its various duties in the stcain-engiue. For the 
lee of Engineers, DraugUtsinen, Machinists, and Students of valve 
aaotiotui in general. By C. W. MacCo«i», A. M., Profetsor of 
Mediaiucal Drawing, Stevens' Institute of Teclmology, Hoboken, N. i« 

Stillman’s Steam-Knj^^inc Indicator* 

12010. Doth. $1.00 

The Steam-Ekoisk Indicator,— and the Improved Manometer Stea* 
and Vacunm Ganges ; their utility and application. By Paul Still* 
Kew edition. 

Porte x'’s S team- E xi^ I ria I nd icator* 

Third Edition and Enlarged. 8vo. IlluMnited Ooth. $3.50. 

A Treatise on the Rjchards Steam Exoi.nk Indicator,— - and the 
Development and Api'lication of Force in the Stcam*Engiue, By 
Craeles T. Porter. 

McOullocli’s Theory of Heat. 

8 VO. CloUi. tO .W. I 

k Treatise on the Mechanical i nEonv oil Heat, and m 
Aptlicaiions to TiiK Stkam-Enoinr. By Prof. U. $. McCcllociIi 
of the Washington and Lee University, I^xiiigtou, W 

Van Buron’s Formulas. 

Bto, Cloth. $2.00. 

Ik VIUT 10 AT 1 ONS OF FoRMCLAS,— for BiO Strength of the Iron parti of 
Steam Machinery. By J. D, Van Bcre.n, Jr., C. IS, Blustrated. 

Stuart’s Successful Frigineeiv 

Boards. SO cents. 

0OW TO Become a ScccueircL Enoinker. Being Hiatsi te Tontm 
mteodlng to adopt the Profession, By Bernard STOAEr, KcrflDm 
Slxtli EdiBott 
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Stuart’s Naval Dry Docks. 

Twfiit;«loar on sM Fotuili editkm. 4to, doth. 90.00. 

Trx Naval Day Docks of thb XJxitxo States. By Charles B 
SrVAST, Engineer in Cliief U. S. Navy. 

Ward’s Steam lor tlio Million. 

8vo. Cloth. 91.00. 

Steam for the Million. A Popular Treatise on Steam and its 
Application to the Useful Arts, especially to Navigation. By J. U. 
Waud, Commander U. S. Navy. 


Tunnel* on Jloll-T timing. 

1 voL Bvo. auil 1 voL folio plateit. $1000. 

K Tueatisp. on KoLL-TunxiN'a for the Mancfacihrr of lEORf. 
by Petkr Tonnkr. Translat4Ml by John B. I^kause. of the Ponn- 
syivauia Steel Works, li’illi iiuinemuH wtKHl-cut*^, hvo., togetlier with 
a folio atlas of 10 lithographed pUb^s of Uolls, hleasuremeuts, &c. 

GviuiQV on Steel. 

Uto, CU4h. $3.50. 

The Manufacture of Stef.l. By M. L. Geuner ; translated from 
the French. By I.knox Smith, A.M., K.M. ; with an Appendix on 
the iiessemer proc*»ss in the United States, by the translator. Xliiii* 
trated by lithographed drawings and wtK>dcuts. 

13ai*ba on the Use of Stool. 

12ma lllu.-^tr.itwi. Clotli. $1.50. 

Tai Use of Steel in Construction. Metliods of ’V\’^orking, Apply* 
ing, and Testing IMaU^s and Bar.*!. By J. Bakzia, Chief Kara} 
Constructor. Translated from the French, with u Preface, by A. L 
IIOLLET, P.B. 

Boll on Ii’on Smelting. 

Sva Cloth, $C.oa 

Cremioal Phenomena of Iron Smkltino. An expentnental and 
praotical examination of the circumstances w-hich determine the 
eapaelty of the Blast Furnace, the Temperature of the Air, and the 
TM;i|ier Conditiaii of Uie Mat^ials lo be operated ofon. By 
t liOirrutAse Bell. 
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Tine Useiltxl Metals and their Alloys ; BcojS!k*eni 
Tx^uran, and others. 

Filth Editioa. 8vo. Uolfcjilt ^1.75. 

Th* Usefcl Mktals astd TtiKin Aixoys, employed in tim o«mFtr 
mouot IttOK, CoiTKa, Tix, Zisc, Aktimoxv, anu Licai> Onxit 
with their appHcntionii to the Ixuu:tTKiAt« Aitra. By Joux SOOF* 
FEICiry WltLIAM TuUKAX, WllXiAM Cr.AV, UOHKItT OXXAMI»| 

WujLfAii FAiftBAiitN, W* C. Aitkik» aiid iVauAH Vu8E FiCKjmr, 

Collins* UsoAil Alloys, 

IBnio. Flexible, tO ceiiU, 

Turn VMivxrz Book of Usieful Axr.oya atit! ^lemorfituU for Qol4* 
mni^ Jewellers, oto. By James E. Coi.uxs. 

Joj^nson’s Metal ITsed iu Construction# 

10rao. CU»tb* 75 

til* Metals IThko is CoxsTnucTiox ; Iron, Steel, Bossemsr Meial, 
etc., etc. By F»axxis li. JovxsoN. Illustrated, 

Dodd’s Dict ioriai'y of Mnnufhciures, eto. 

12jno. Cloth. ei.OO, 

0lCTlO».^»T OF MAXUFACTl^URSt MlSlXU, MACifXNmT, A»D Till 

iNDOSTlxAL Arts. By Gkokge Boon. 

Von Cotta’s Oi*e Deposits. 

8ro. Cloth. UM I | 

riiCATiAF OK OttE Bkfosjts. By BRHxnARO Vox Cotta, Ttottmm 
of Geology i» the KoyaJ Schrx)! of Mines, Freidburg, Saiony. Trent* 
Inted from tl^e second German sdition, by Khkokuick PittWE, Jr.^ 
Mining Engineer, and revised by tlm author; with numeroiui Ulli 
taritions. 


Plattner’s Blow*Pii>e Analysis. 

Third Mltion. Rerir^jd, OCS i»ageii. 8vo. Cloth, $5,00, 


flATTKER’S MaKLAL OF QUALITATIVE AXO QCJAKTITATfVE AKALW* 
SIS wrrtt THE BLow Firiu From the last <k*rt»An edition, EetiieJ 
ittii enkrged# By iVof, Tn, Kichter, of tiie Royal Saaon Hiniiif 
Aettdbmy. Tnhslated by Froftisaur II B« Cork wall; laidi^ tsy 
H. CAiiriLL, With eighty •seven woodcuts ind hiUu)grii|lds 

■ , 
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PlyTOapton’s Bloisr-Pipo Analysis. 

12xao. Ooth. 

The Blow*Pipe: A Guide to its Use in the Detenmnation of Salts 
and Minerals. Compiled from various sources, by Gnoicos W, 
l*i>YJkfpToy, C.E., A.M., Professor of Physical Science in the Polyteeh* 
uic Institute, Brooklyn, N.Y. 


Pynclion’B Chemical Physics. 

Kew Edition. Revised and eiilaiig;€d. Crovm 8va Cloth. $3.00. 

Introduction to Chemical Physics ; Designed for the Use o£ 
Academies, Colleges, and High Schools, Illastrated vrith numerous 
engravings, and containing copious experiments, with directions for 
preparing them. By Thomas Kuggles Pyncuon* M.A., I^reaideut 
of Trinity College, Hartford. 

Eliot and Stoi*er’s Qualitative Chemical 
Analysis. 

New Edition. Redsed. 12mo. Illustrated. Cloth. $1.50. 

A Compendious Manual of Qualitative Chemical Analysis 
By Charles W. Eliot and Frank H. Stoker. Kevised, with 
the cod}H’.ration of the Authors, by William Riplry Nichols, 
Professor of Chemistry in the Massachusetts Institute of T$|chuology. 

Hammolsber^’s Chemical Analysis. 

/ 8vo. Ootli. $2,25. 

Buidie to a C^*ursk op Quantitative Chemical Analysis, 
Especially oP Minerals and Furnace Products. Illustrated 
by Example*. By C. F. Kammei^suerg. Translated by J. Towler, 
M.D. 

Naquet*.s I-.e^al Chemistry* 

IlluHtmtcd. 12mo. Cloth. $2.00. 

iiEGAL Chemistry. A Unide to the Detection of Poisons, Falslfitfap 
lion of Writings, Adulteration of Alinientary and Phannaeeuticai 
Substances; Analysis of Ashes, and Examination of Hair, Coins, 
Fire-arms, and Stains, as Applied to i*hemioal Jurisprudence. For 
tibe Use of Chemists, Pliysiciana, lawyers , Pliarmacists, and Expert*. 
Translated, with additions, including a List of Books and Memoirs 
OR Toxicology, etc., from the French of A. Naquet. By J* F. 
Battersball, Fh. Dm with a Freface by C. F. CmAliDLRmt Fh* Ik, 
ilD.,UJ[> 












